University of Kentucky

UKnowledge
University of Kentucky Doctoral Dissertations

Graduate School

2011

THE EFFECTS OF NUTRITIONALLY‐MODULATED
NUTRITIONALLY MODULATED PREPARTUM
BCS ON PRE‐
PRE AND POSTPARTUM METABOLIC RESPONSES, IN

VITRO LIPID METABOLISM AND PERFORMANCE OF
MULTIPAROUS BEEF COWS
Melissa Dale Hudson
University of Kentucky, hudson.melissa@gmail.com

Right click to open a feedback form in a new tab to let us know how this document benefits you.

Recommended Citation
Hudson, Melissa Dale, "THE EFFECTS OF NUTRITIONALLY‐MODULATED PREPARTUM BCS ON PRE‐ AND
POSTPARTUM METABOLIC RESPONSES, IN VITRO LIPID METABOLISM AND PERFORMANCE OF
MULTIPAROUS BEEF COWS" (2011). University of Kentucky Doctoral Dissertations. 134.
https://uknowledge.uky.edu/gradschool_diss/134

This Dissertation is brought to you for free and open access by the Graduate School at UKnowledge. It has been
accepted for inclusion in University of Kentucky Doctoral Dissertations by an authorized administrator of
UKnowledge. For more information, please contact UKnowledge@lsv.uky.edu.

ABSTRACT OF DISSERTATION

Melissa Dale Hudson

The Graduate School
University of Kentucky
2011

THE EFFECTS OF NUTRITIONALLY‐MODULATED PREPARTUM BCS ON PRE‐ AND
POSTPARTUM METABOLIC RESPONSES, IN VITRO LIPID METABOLISM AND
PERFORMANCE OF MULTIPAROUS BEEF COWS

_________________________________________________
ABSTRACT OF DISSERTATION
_________________________________________________
A dissertation submitted in partial fulfillment
of the requirements of the degree of Doctor of Philosophy
in the College of Agriculture
at the University of Kentucky
By
Melissa Dale Hudson
Lexington, Kentucky
Director: Dr. Eric Vanzant, Associate Professor of Animal Science
Lexington, Kentucky
2011
Copyright © Melissa D. Hudson 2011

ABSTRACT OF DISSERTATION

THE EFFECTS OF NUTRITIONALLY‐MODULATED PREPARTUM BCS ON PRE‐ AND
POSTPARTUM METABOLIC RESPONSES, IN VITRO LIPID METABOLISM AND
PERFORMANCE OF MULTIPAROUS BEEF COWS
Increased BCS at calving due to nutritional manipulation during the
prepartum period resulted in greater mobilization of body fat after calving,
regardless of plane of nutrition during the last 60 d of gestation. Although fatter
cows were shown to have greater mobilization of reserves during the postpartum
period, they maintained greater BCS at all points from calving to weaning compared
to cows calving with fewer reserves at calving. A unique finding of this experiment
was that the variation in BCS at calving was positively associated with BCS loss for
cows fed to accrete BC during the prepartum period but was not associated with
BCS loss for cows fed at maintenance levels during gestation. This finding suggests a
threshold response in which BCS loss postpartum is only related to BCS at calving of
6.5 or greater. Progeny of fatter cows were heavier at d 40 and 84, but no treatment
differences existed at weaning. The relationship between BCS at calving and calf
BW at d 40 differed by treatment. This suggests a threshold response in which calf
BW is positively related to increases in BCS up to 5.75. At BCS ≥ 5.75 calf weights
were greater than at lower BCS levels but were unrelated to incremental changes in
BCS.
Altering dietary energy level during mid and late gestation altered the net
lipolytic rate of beef cows and altered the timing of changes in tissue sensitivity and
total lipolysis. Basal release of NEFA did not change for cows on a maintenance diet,
but increased significantly for fatter cows prior to calving, whereas basal glycerol
was unaffected by treatment. The stimulated release of glycerol was also unaffected
by treatment, but increased across all periods. The ratio of stimulated glycerol and
NEFA release to basal release of glycerol and NEFA indicate that the AT of HI cows
has a delayed response to the increase in sensitivity to lipolytic stimulants that is
associated with homeorhetic adaptations; however, at 7 d after calving, no
differences were observed for net or total lipolytic capacity of the tissue. Providing
mature beef cows ad libitum access to a high‐energy diet alters pre‐calving
sensitivity of AT, but after calving and when animals are receiving a common diet,
no differences in lipolysis were observed. Thus, BCS (4.91 to 6.56), as manipulated
by diet, does not appear to impair lipolytic function and regulation in beef cows as
observed in dairy cows.
KEYWORDS: Beef cows, gestational plane of nutrition, BCS change, metabolism,
lipolysis
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CHAPTER 1. INTRODUCTION
Ruminants, especially those in primarily forage‐based production systems,
are susceptible to often extreme fluctuations in forage quality and/or quantity.
These alterations in nutrient availability result in shifts in the energy balance/status
of the animal. The degree of energy balance change is affected not only by nutrient
availability but also by nutrient requirements. For producing females, the stage of
gestation and lactation is most impactful on requirements. Not only do metabolic
changes occur with shifts in relative nutrient requirements and supply to maintain
normal function (processes known as homeostasis), metabolic shifts also occur
when an animal prepares for parturition and lactation, a series of processes referred
to as homeorhesis. In order to fully understand how nutrition affects pre‐ and post‐
partum animal performance, it is important to know how nutrition interacts with
the previous plane of nutrition (as evaluated by body fatness). Also necessary is an
understanding of how previous plane of nutrition interacts with metabolic changes
associated with homeorhesis, parturition, and lactation.
Energy storage in the body is primarily in the form of adipose tissue. This
tissue is dynamic, and changes in mass and activity to accommodate changes in
animal physiology and energy status. Adipocytes also secrete metabolic
modulators, vasoactive factors, growth factors, binding proteins, hormones,
cytokines, and other substances (Vernon and Houseknecht, 2000). Mobilization of
body lipid reserves and reproductive function are inextricably linked, although fat
mobilization occurs for many reasons and does not always indicate environmental
constraints. Therefore, understanding changes in, and regulation of, metabolism of
this particular tissue at varying levels of nutrition is needed to fully evaluate
management strategies for beef cattle.
Taking advantage of the cow’s ability to increase body adiposity as a
mechanism of nutrient storage, and to release those energy stores in times of need
is regarded as a potential means of improving economic efficiency of beef
production (Freetly et al., 2000, 2005). It was previously reported that mature cows
re‐fed after a period of nutrient restriction had greater efficiency of energy gain
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compared to cows fed to maintain a constant body weight (Freetly and Nienaber,
1998). It is unclear how this temporal perturbation of steady‐state metabolism
occurs; also unknown is how the alteration of nutrient availability affects both
endocrine and metabolic parameters related to production efficiency and other
parameters of economic importance.
As fuel, labor, and feed costs rise, producers require management strategies
that reduce these inputs. One such strategy is to allow cows to accrete body fat
when forage availability is high and to mobilize these stores in times of lower
nutrient availability and higher demand. Data has shown that when cows are
allowed to graze high quality, abundant forage ad libitum body reserves can attain
BCS 7 and greater. This appears to be a natural solution, taking advantage of the
animals’ natural ability to store and mobilize energy. However, it is not fully
understood if this strategy has long‐term effects on productivity and efficiency.
To date, much of the research involving the perturbation of beef cow BW and
BCS in order to elucidate differences in metabolism, endocrinogical function, and
performance has examined moderate (mean BCS 5 to 5.5) versus lean (mean BCS 3
to 4) cows. Experiments designed to determine differences in fat versus moderate
or lean cows have dealt primarily with dairy cows, with a particular emphasis on the
post‐partum incidence of hepatic lipidosis. Because of generations of selection
pressure, dairy cows, on average, have a much lower proportion of body fat than
beef cows. Further, due to the significant differences in the magnitude of metabolic
and production demands in beef and dairy cows, it is likely that the regulatory axis
linking energy balance, lipid metabolism, and reproduction functions differently
between these breed types.
It is clear that further investigation is required to understand how previous
plane of nutrition affects post‐partum lipid metabolism, cow BW and BCS change,
and metabolism. More importantly, data is needed to determine how much body
weight and fat loss can be tolerated post‐partum before detrimentally affecting cow
reproductive performance. The need also exists to determine how the alteration of
energy supply (both quantity and timing) affects cow and calf performance. Current
recommendations and nutritional guidelines indicate that in order to rebreed
2

satisfactorily, cows should be managed to calve at BCS 5 or greater and experience
minimal weight and BCS loss post‐calving and those cows that calve at BCS 7 or
greater should be able to withstand significant losses without detrimentally
affecting reproductive performance. However, evidence exists showing
reproductive failure of cows at BCS 5 at breeding that lost BCS after calving. These
data indicate that there are physiological and endocrinogical mechanisms affecting
reproductive performance that cannot be easily and accurately evaluated by simply
measuring BCS. Therefore, understanding the metabolic mechanisms behind
changes in BW and BCS and their interaction with the nutritional‐reproduction axis
will be invaluable for determination of optimal nutritional management guidelines
for beef cows. This knowledge would potentially provide researchers additional
evaluation tools to refine research protocols. For producers, data such as this is
cautionary – that allowing cows to deviate much from “ideal” has implications that
are not readily apparent. For example, large fluctuations in BCS may not alter
performance in year one, however, it may have detrimental, cumulative effects in
subsequent years and on progeny. Data showing alterations in physiology or
metabolism could indicate potential for long term changes.
To date, the proposed research has not been conducted with beef cows and
due to the aforementioned differences in metabolism and milk production,
inferences from dairy research in this area cannot be made with confidence.

Copyright © Melissa D. Hudson 2011
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CHAPTER 2. REVIEW OF LITERATURE
PHYSIOLOGY OF LIPID METABOLISM
Homeostasis and Homeorhesis
Homeostasis. Homeostasis is the maintenance of equilibrium in order to
support a physiological state within the animal, by orchestrated control of
metabolism (Bauman and Currie, 1980). Adipose tissue (AT) is the primary storage
of energy in the body, and thus plays a major role in both homeostasis and
homeorhesis.
Homeorhesis. Due to the high priority conferred to pregnancy and lactation,
coordinated metabolic adaptations occur to shift physiological priorities and
nutrient partitioning to support these functions. These adaptations are highly
regulated and are referred to as homeorhesis (Bauman and Currie, 1980). The
changes associated with energy metabolism are often the greatest in magnitude.
Adipose tissue undergoes tremendous shifts in metabolic activity and regulation
during times of dietary energy deficiency. It has been demonstrated that previous
plane of nutrition can alter the response of AT to regulatory enzymes and hormones
in dairy cows. Rukkwamsuk et al. (1998) reported circumstantial evidence
suggesting that overfeeding during the dry period results in decreased response to
lipolytic regulation, causing prolonged post‐partum mobilization of fat stores. This
would result in a more negative EB, longer interval to EB nadir, and has potential to
prolong the post‐partum interval.
During the last 30 d of gestation, dairy cows begin preparing for lactation via
many physiological and metabolic adaptations. Energy requirements of the uterus
and fetus increase dramatically and feed intake is often suppressed. As a result,
many dairy cows are in negative energy balance (NEB) during the last 15‐30 d of
gestation, although the degree of NEB during this stage is not as dramatic as will be
seen following parturition. A variety of hormones may play a role in
causing/regulating these adaptations, and include: increases in placental lactogen,
estrogen, and prolactin and decreases in progesterone (Bauman and Currie, 1980).
Further, it has been shown that AT becomes less responsive to blood glucose levels
4

and appears to be less affected by insulin during this period (Bell and Bauman,
1997; Vernon and Pond, 1997). This would include possible down‐regulation of
enzymes such as hexokinase, which is necessary to phosphorylate and trap glucose
in cells for subsequent glycolysis. It also indicates the potential for non‐substrate
dependent insulin resistance in adipocytes and skeletal muscle. The expression of
lipoprotein lipase (required for the uptake of preformed TG) and acetyl‐CoA
carboxylase are decreased (Chilliard et al., 1977) during late gestation and early
lactation, further indicating that lipogenesis is being depressed and the relative
rates of lipolysis are increased. Taken together, these changes indicate alterations
in the sensitivity of the affected tissues and changes in regulation of lipid
metabolism , thus, priming the tissues for mobilization of body fat in response to
decreased feed intake and increased energy expenditure. Cumulatively, these
adaptations shift the partitioning of nutrients (specifically glucose and fatty acids)
away from peripheral tissues and to the lactating mammary gland.
Following parturition, DMI is depressed and energy intake lags behind
energy expenditure often for many weeks. As a result of NEB, increases in glucagon,
GH, epinephrine, and norepinephrine increase the rate of mobilization of body fat.
Another phenomenon associated with homeorhesis is the uncoupling of the
somatotropic axis. This uncoupling occurs when hepatic GH receptor 1A (GHR‐1A)
abundance decreases, despite elevated GH concentrations in the plasma (Roche,
2009). As a result, IGF‐I concentrations fall approximately 70%, which reduces the
suppressive effect of IGF‐I on GH releasing factor (GRF). Consequently, GH levels
increase and insulin resistance is elevated (Chagas et al., 2009; Lucy et al., 2009).
Lucy and others (2009) further reported that the somatotropic axis does not
recouple until nadir BCS has been reached.
Overview of Ruminant Lipid Metabolism
Contrary to earlier held beliefs, it is now well recognized that AT is not
merely a static energy reserve. In fact, AT is a very dynamic depot; it is highly
vascularized, is constantly undergoing turnover (lipolysis and lipogenesis), and has
endocrine functions, secreting a variety of hormones such as leptin and cytokines.

5

Although many aspects of lipid metabolism are conserved between
ruminants and non‐ruminants, there are many key differences. An initial difference
lies in substrate supply. For the ruminant animal, the diet consumed does not
directly provide the substrates available for metabolism. That is, what is ingested is
not what is digested and absorbed in the small intestine. The diet of a ruminant is
first subject to fermentation in the rumen, where dietary components may be
dramatically altered from their initial form and chemical composition. Rumen
microbes extensively alter dietary carbohydrates, using the freed glucose for their
own energy needs. As a result, there is very little glucose absorbed by the ruminant.
Instead, the ruminant must use short‐chain fatty acids (SCFA) for energy and rely
greatly on hepatic gluconeogenic capacity for glucose requirements.
Lipogenesis. The primary SCFA produced in the rumen are acetate,
propionate, and butyrate. Acetate is the major lipogenic substrate in the ruminant.
Like non‐ruminants, ruminants do require glucose for a variety of functions; namely,
glucose is necessary for erythrocytes, nervous tissue, and lactose production in the
lactating mammary gland. Due to very limited glucose available from the diet,
ruminants have evolved a number of regulatory mechanisms to “spare” glucose for
those essential purposes.
Whereas substantial rates of hepatic lipogenesis are noted in many
monogastric species, lipogenesis primarily occurs in the AT of ruminants. Due to a
dearth of dietary glucose, the ruminant liver is primarily engaged in
gluconeogenesis and production of oxaloacetate (Bell, 1982). The rate of
lipogenesis in ruminants is generally maximal when substrate availability is high.
This corresponds to the period when gluconeogenesis is the highest. This is in stark
contrast to the non‐ruminant, in which gluconeogenesis occurs when conditions are
favorable for lipolysis. Acetate is taken up from the blood into the cytosol of the
adipocyte, where the enzymes associated with fatty acid (FA) synthesis are located;
therefore, transport into the mitochondria is not necessary. Fatty acids are
produced via FA‐synthetase, which is a multi‐enzyme complex. Acetate is first
activated by acetyl‐CoA synthetase to yield acetyl‐CoA. The next (and committed)
step of FA synthesis is the carboxylation of acetyl‐CoA to malonyl‐CoA by acetyl‐CoA
6

carboxylase. Malonyl‐CoA then undergoes a procession of seven reactions to yield
palmitate (C16:0). The FA derived from FA synthesis are generally elongated by the
addition of 2 carbons to form long‐ or very‐long‐chain fatty acids (Mayes et al.,
2003). In ruminant animals, FA are predominantly 18 carbons in length (C18:0,
stearic acid). These FA can be linked (ester bonded) to glycerol to yield
triacylglycerol (TAG), which can be stored in white adipose tissue (adipocytes).
Lipolysis and Re‐esterification. Adipose tissue is not a static energy reservoir;
it is continually undergoing storage and mobilization. Mobilization of AT lipids
occurs via action of hormone‐sensitive lipase, which catalyzes the rate‐limiting step
in which TAG is cleaved to non‐esterified fatty acids (NEFA) or free fatty acids and
glycerol. Hormone sensitive lipase (HSL) is activated by epinephrine,
norepinephrine, ACTH, and glucagon, all of which act by phosphorylating HSL.
Insulin inhibits the action of HSL. Once the stored TAG are hydrolyzed, the NEFA
are bound to serum albumin and are transported to the liver and extrahepatic
tissues. Restriction of blood flow, which could reduce albumin binding sites, can
potentially diminish appearance of mobilized NEFA (Bell, 1982). From the
circulation, NEFA are taken up passively by the target tissues and can used for
energy via β‐oxidation. In the liver, NEFA have numerous possible fates: β‐
oxidation, temporary storage as TAG, ketogenesis, or conversion to lipoproteins and
release into general circulation (Baldwin and Smith, 1971).
Due to a lack of glycerol kinase in the adipocytes of ruminants, glycerol is
readily transported out of the cell and thus cannot be utilized for reesterification.
The liberated glycerol enters the blood and is an available substrate for hepatic
gluconeogenesis. However, in order for reesterification to occur at the adipocyte,
glycerol is required. Sources of glycerol include glucose, which must enter the
adipocyte and be converted to glucose‐1 phosphate, or the conversion of pyruvate
to glycerol via a pathway known as glyceroneogenesis (Reshef et al., 2003).
When evaluating lipolysis in vitro, the basal and stimulated or maximal rates
of glycerol and NEFA release are measured. The release of glycerol is an indication
of total lipolysis, due to the lack of reuse for esterification; NEFA release is therefore
an estimate of net lipolysis, as it takes into account reesterification within the
7

adipocyte (Chilliard, 1993; Baldwin et al., 2007). Reesterification can be estimated
by comparing the ratio of NEFA to glycerol; a declining ratio from 3(Chilliard, 1993)
to 0 indicates an increased rate of reesterification (Chilliard, 1993).
Most research evaluating ruminant lipid metabolism has been conducted in
growing steers and heifers (net lipogenic), lactating dairy cows (net lipolytic) or in
other ruminant species (sheep and goats). Very little experimentation with lipid
metabolism of beef cows has been conducted. However, research in other models
provides some guidance as to expected responses in beef cows.
Comparing in vitro lipolysis in growing steers fed restricted or ad libitum
diets, Pothoven et al. (1975) reported greater (P < 0.05) rates of basal and
stimulated glycerol release for unrestricted steers vs. restricted steers in
subcutaneous backfat depots (basal, 0.36 vs. 0.19 µmoles/g tissue·hr‐1; stimulated,
1.34 vs. 0.93 µmoles/g tissue·hr‐1, respectively). The basal rate of glycerol release in
omental fat was also greater for unrestricted vs. restricted steers (0.29 vs. 0.22
µmoles/g tissue·hr‐1); however, stimulated rates of release in omental fat did not
differ between treatments (0.83 vs. 0.74 µmoles/g tissue·hr‐1). This difference
indicates that omental fat is either less responsive to stimulation or was already
releasing glycerol at a maximal rate.
Smith and others (1984) investigated lipolysis in steers fed a concentrate
(pelleted high corn) diet or roughage (pelleted alfalfa) diet for 318 d. The
researchers observed a significant time x diet interaction for stimulated (minus
basal) release of glycerol (µmol/min per 105 cells). Concentrate‐fed steers had
greater release of glycerol compared to roughage‐fed steers at both 165 (2.50 vs.
1.80) and 318 (2.75 vs. 2.38) DOF. Release of glycerol by roughage‐fed steers
exceeded that of concentrate‐fed steers at d 235 (2.53 vs. 2.39) and d 283 (2.46 vs.
1.76). The ratio of NEFA to glycerol release was significantly affected by time, and
decreased from the beginning to end of the trial, indicating an increased rate of
reesterification (reduction in net lipolysis). Neither the interaction between
treatment and time, nor the main effects were significant for NEFA release.
The evaluation of substrate and site of digestion (low intake, water infusion,
LI‐H20; high intake, water infusion, HI‐H20; ruminal starch, R‐SH; abomasal starch,
8

A‐SH; and abomasal glucose, A‐G) on lipid metabolism of mesenteric, omental, and
subcutaneous AT of growing beef steers showed no differences in maximal,
stimulated NEFA release by treatment or AT depot (Baldwin et al., 2007). However,
stimulated glycerol release was affected by treatment within AT site. Within
mesenteric AT, HI‐H20 steers tended (P =0.08) to have greater rates of glycerol
turnover compared to LI‐H20 steers. Glycerol release of omental tissue did not
differ by intake level or ruminal starch, but was greater for steers infused
abomasally with glucose compared to those infused abomasally with starch
hydrolysate (P = 0.008). Subcutaneous tissue release of glycerol was greater (P <
0.05) for high intake steers compared to low intake steers and tended to be greater
(P = 0.08) for A‐G steers than A‐SH steers. The ratio of NEFA to glycerol was near
1:1, which indicated a high rate of utilization of NEFA for reesterification, which
agrees with the results of Smith et al. (1984). These studies demonstrate that while
total lipolytic rates may be affected by age or feeding program, the rates of net
lipolysis may be unaffected due to changes in rates of reesterification. The net
lipolytic rate is affected by the total turnover of the depot and the rate of
reesterification within the depot. Therefore, total lipolytic rate may be increased
with a negative or no change in net lipolysis when animals are on a positive plane of
nutrition and are accreting fat. Because lipolysis and lipogenesis are reciprocal
events, as lipogenesis is increased, so is lipolysis and reesterification. With respect
to animals in NEB, the relative rates of lipolysis and lipogenesis is such that turnover
of the depot is occurring more rapidly and extensively than is lipogenesis and
reesterification.
Rukkwamsuk et al. (1998) studied the effects of over‐feeding of dairy cows
compared to restricted intake during late gestation on lipid metabolism at ‐1, 0.5, 1,
2, and 3 wk relative to calving. Basal glycerol release rate did not differ for overfed
cows at any time measured; however, the rate was significantly (P < 0.05) lower for
overfed cows compared to restricted‐fed cows at – 1 and 0.5 wk relative to calving
(Figure 1). This observation indicates that overfed cows were less responsive to
homeorhetic mechanisms that prime AT for lipolysis prior to calving, whereas
restricted fed cows appear to have performed as expected. Glycerol release was
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greater for restricted cows at ‐1 wk than at any other times. The researchers also
evaluated the lipolytic response of AT when incubated in stimulants (noradrenalin)
and inhibitors (glucose, BHB) and compared those results to the basal incubations.
Their results indicate that when cows are overfed pre‐partum, not only is the basal
lipolytic rate reduced, but also the post‐partum response of AT to inhibitory signals
is diminished. Additionally, plasma NEFA concentrations were greater (P < 0.05) for
overfed cows compared to restricted fed cows at 0.5 and 1 wk relative to calving
and were numerically greater until 6 wk post‐calving. Cumulatively, these data
suggest that lipid metabolism is altered when cows are overfed prior to calving,
having implications on both rate and extent of lipolysis. Using labeled TAG with or
without inclusion of glucose and/or insulin, the researchers later evaluated the
rates of esterification for cows that were overfed or intake restricted prior to calving
(Rukkwamsuk et al., 1999). At ‐1 wk pre‐calving, plasma glucose and serum insulin
and NEFA were not different between groups, however, basal esterification rates
were greater (P < 0.05) for overfed cows compared to restricted fed cows. The rate
of esterification for both groups declined sharply following calving and due to the
greater initial rate of esterification at ‐1 wk, the decline from ‐1 to 0.5 wk relative to
calving was greater for overfed cows (81%) compared to restricted cows (69%).
Serum NEFA levels were higher for overfed cows from 0.5 to 3 wk post‐calving
whereas the basal rate of esterification was low and not different between
treatments. The addition of glucose or glucose and insulin enhanced esterification
rate for all groups of cows, but the increase with glucose addition was less for
overfed cows at 0.5 and 1 wk post‐partum compared to restricted cows, indicating
that rates of total lipolysis were greater for overfed cows and that AT of these cows
had less capacity for in situ reesterification of liberated fatty acids. Together, these
two experiments provide evidence that overfeeding prior to calving enhances the
extent of post‐calving net lipolysis.
Beta‐oxidation. Liberated NEFA first undergo activation ‐ fatty acyl CoA
synthetase catalyzes the reaction to yield fatty acyl CoA. Fatty acyl CoA is
impermeable to the inner mitochondrial membrane, so once it is in the
intermembrane space of the mitochondria, it reacts with carnitine in a reaction
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catalyzed by carnitine acyltransferase I (CAT‐I), yielding CoA and fatty acyl
carnitine, which can cross the inner mitochondrial membrane. The fatty acyl group
is now ready to undergo β ‐oxidation. Beta‐oxidation occurs via four individual
reactions, each catalyzed by a separate enzyme. The first step is dehydrogenation
between the alpha and beta carbons (C2 and C3) in an FAD‐linked reaction. The next
step is a hydration of the double bond by enoyl CoA hydratase. Then, a second
dehydrogenation occurs in a NAD‐linked reaction. Lastly, a thiolytic cleavage of the
thioester bond occurs by action of beta‐ketoacyl CoA thiolase. This sequence of four
steps is repeated until the fatty acyl chain is completely degraded to acetyl‐CoA. The
products of β ‐oxidation are: acetyl CoA, FADH2, NADH, and H+. The acetyl‐CoA can
be oxidized to CO2 and H2O in the TCA cycle (or to ketone bodies in the liver); the
NADH and FADH2 and H+ are oxidized by the electron transport system, yielding
ATP. For each “turn” of the β‐oxidation cycle, 15 ATP are produced (2 per FADH2, 3
per NADH, and 10 via the TCA cycle).
Ketogenesis. As a consequence of increased lipolysis, circulating levels of
NEFA are increased. These metabolites are a critical source of energy for the
ruminant. However, often metabolic disorders occur during this period, as the TCA
cycle is unable to handle the surfeit of acetyl‐CoA (due to decreased quantities of
intermediates, such as oxaloacetate). As a result, acetyl‐CoA will be used for
ketogenesis in the liver. The primary regulator of ketogenesis is acetyl‐CoA
availability, therefore, as rates of lipolysis increase, so will the rates of ketogenesis.
Acetyl‐Co A is converted to acetoacetate which is then reduced to yield β‐
hydroxybutyrate (BHB) or is spontaneously decarboxylated to yield acetone. The
ketone bodies are then available as energy sources for extrahepatic tissues. If the
ketone body being used is BHB, it must first be re‐oxidized to acetoacetate, which is
then activated by the transfer of CoA from succinyl‐CoA. The enzyme necessary for
this reaction is not present in the liver; therefore, the liver is a net producer of
ketone bodies. The resultant acetoacetate can be cleaved by thiolase to form two
molecules of acetyl‐CoA which can then be oxidized via the TCA cycle, provided
intermediates are present. If the build of acetyl‐CoA remains high, blood levels of
BHB will remain elevated and could result in the development of ketosis.
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ASSESSMENT OF COW ENERGY STATUS
The body lipid content of smaller animals can be more readily evaluated than
that of larger animals, using techniques such as bioelectrical impedance, body
specific gravity, dual‐energy X‐ray absorptiometry (DEXA), or deuterium oxide
(D2O) dilution. Large animals such as cows present unique challenges for large‐
scale direct measurements of body fatness. Therefore, subjective methods have
been developed to assign a “score” to animals reflective of their energy reserves.
Although subjective, body condition score has been a frequently and
successfully used tool to evaluate the energy status and reserves of animals. The
assessment of body condition and changes in body condition is a superior indicator
of body energy reserves and status, compared to BW or changes in BW. Body
weight does not take into consideration many factors that do not reflect differences
in adiposity; namely, frame score, gut fill, bone size/density, muscularity, hide
contamination, stage of gestation, breed, etc.
Evaluation of energy status of cows is frequently conducted at four
physiological times during the production year: prior to or at calving, beginning of
breeding, end of breeding, and at weaning. These observations are useful from a
management standpoint because they allow producers the opportunity to evaluate
the nutrient status of their herds and to make necessary changes to the feeding
level. Of these time points, the two that have been regarded as most important in
determining future animal performance are BCS at calving and at breeding. The
majority of studies evaluating BCS at these times have concluded that, with respect
to reproductive performance (generally measured as % cycling at breeding or %
pregnant at the end of breeding), BCS at calving is more important and is a better
indicator of animal reproductive performance. Therefore, the focus of this review
will be on BCS at calving, what affects it, and how it affects animal performance
post‐calving.
Accuracy of BCS Assessment
The most popular and widely used system in the United States for beef cows
is the 9‐point system described by R. W. Whitman in 1975 (NRC, 1996). This system
was investigated by Wagner et al. (1988). Non‐pregnant, non‐lactating mature
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Hereford cows (initial BCS 5.0, Table 1) were assigned to three nutritional
treatments designed to maintain BCS, gain 2 BCS, or lose 2 BCS. After feeding to
maintain the new target BCS for one to two months, cows representing the range of
BCS were slaughtered following a 16‐hr withdrawal from feed and water. Edible
carcass tissue was analyzed for chemical composition and regression equations
were developed to relate carcass energy of the initial slaughter cows to those cows
remaining on the study each year. The remaining cows were fed to maintain their
respective BCS for 114 d prior to slaughter. The predicted carcass composition
derived from the regression equations from the initial slaughter were then
compared to the actual carcass composition of the remaining cows. The correlation
between BCS and carcass fat and percent carcass fat was 0.91. These researchers
concluded that BCS is a useful predictor of boneless carcass composition, and as
such could be useful for assessing body energy reserves. It should be noted that the
researcher evaluated edible carcass fat rather than total fat, thus omitting the
contributions of mesenteric and omental fat to overall body fatness. Inclusion of
those measurements would certainly have altered the results of their study, if not
the conclusions reached.
Consistency of BCS Assessment
The accuracy, repeatability, and overall usefulness of a body condition
scoring system are dependent upon several considerations. First, the training of
technicians to identify and assess key areas via visual and tactile appraisal is critical.
Next, awareness of the effects of hair length and thickness, lighting, breed, and gut
fill are important. Animals with long hair or in dim lighting will be more difficult to
assess visually and palpation must be utilized in order to more accurately determine
BCS. Further, different breeds are predisposed to varying fat deposition patterns,
with Bos indicus cattle often having less fat over the ribs but more over the hooks
and pin bones relative to Bos taurus breeds.
While research attention has been given to determine the ability of BCS to
predict body fatness, little research has been conducted to evaluate the ability to
generate meaningful BCS values. For example, how the number of evaluators or the
post‐evaluation treatment of BCS data affects research outcomes and conclusions is
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not known. Since BCS is a frequently used response or descriptive variable for beef
and dairy cow research, this type of analysis would be a beneficial addition to the
technical literature.
FACTORS AFFECTING COW BCS AT CALVING
Nutrition. Availability of nutritional resources is a primary contributor to the
amount of energy reserves a cow will accrete or maintain over time. Nutrition is
generally affected by herd‐level management, although it is recommended that cows
be managed according to their BCS in order to optimize the allocation of resources.
However, even in those scenarios, cows are managed in groups. Because beef
production is typically forage‐based, the quality and quantity of forage availability
are inextricably linked to BCS of the herd. Both forage quality and quantity can be
affected by many factors, including stocking rate, forage type (cool vs. warm
season), and weather. Further, the congruence of forage type and calving season
will have a considerable impact on the ability of a forage‐based system to meet
nutritional requirements of cows. The provision of supplemental feed (either
energy or protein) can have dramatic effects on BCS, especially when forage
availability or quality is compromised.
Time of Weaning. Another herd‐level management decision that affects BCS
at calving is the time of weaning. Early weaning (EW) is a common strategy,
particularly with spring‐calving cows grazing warm‐season forages. Early weaning
removes the energetic demands of lactation and allows cows to accrete more body
fat during the forage growing season, thus entering the winter with more energy
reserves. Many production systems utilize EW as a means of improving
reproductive performance, by removing the suckling stimulus and improving
energy balance. Story et al. (2000) evaluated the effects of EW (150 d), normal
weaning (NW; 210 d) and late weaning (LW; 270 d) on cow and calf performance.
At all times measured, BCS was greater for cows that were weaned earlier but
remained above BCS 5 at all times. Pregnancy rates were unaffected by time of
weaning.
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Odhiambo et al. (2009) used spring‐calving cows assigned to EW (180 d) or
NW (225 d) to evaluate cow energy status and post‐partum reproductive
performance. Energy status was measured using BCS and ultrasonic measurements
of rib and rump fat. For 3‐ and 5‐yr old cows, EW had a positive influence on BCS,
whereas BCS was unaffected by weaning treatment for other age groups. Weaning
treatment did not affect calving interval (CI) and averaged 372.4 d for both groups.
The number of days from the start of breeding to the next calving (BCI) was not
affected by treatment and averaged 296 d. This study also evaluated the
relationships between BCS, rib fat, rump fat, and CI and BCI. The only significant
correlation for CI was detected for rib fat (r = ‐0.21). However, pre‐calving and
breeding measurements for BCS, rib fat, rump fat, and BW were all significantly
correlated with BCI (r = ‐0.17 to ‐0.27), with the strongest relationship (P < 0.0001)
for pre‐calving rump fat (r = ‐0.27) and BCS at breeding (r = ‐0.27). Renquist et al.
(2006) reported that CI was associated with both BCS at calving and breeding (P<
0.05).
Hudson et al. (2010) conducted a four‐year study using young and mature
cows assigned to NW (210 d) or LW (300 d). The NW cows were fatter at calving
but lost more body condition (BC) post‐calving (‐22.2 vs. ‐16.1%; P < 0.0001).
Progeny of NW cows grew faster and were heavier at 7 mo of age, but at 10 mo of
age, LW progeny were heavier. No differences in percent pregnant were detected
for mature cows; however fewer LW young cows (≤ 3 yr at calving) became
pregnant compared to NW young cows (89.3 vs. 98.4%, P < 0.01). These results
support the ideas that BCS at calving affects animal performance and interacts with
cow‐level factors such as parity. However, not fully explained is the observance of
increased rate of BCS loss for fatter cows at calving. This is a phenomenon that has
been observed previously in both beef and dairy cows (Garnsworthy and Topps,
1982; Garnsworthy et al., 2008) and has been explained in part by the lipostatic
theory (Speakman et al., 2002) and alterations in lipolytic regulation (Rukkwamsuk
et al., 1998, 1999).
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EFFECTS OF BCS AT CALVING ON POST‐PARTUM PERFORMANCE
Overview of BCS and Reproduction
Reproduction is the most important performance criterion that impacts
profitability of cow‐calf production systems. Suboptimal reproductive performance
in beef cows costs the U.S. beef industry in excess of $240 million annually and
constitutes a substantial inefficiency in our food production system (Bellows et al.,
2002). Although it is well recognized that nutrition and body condition are critically
important for optimal reproductive function in beef cows, there are significant gaps
in our understanding of the physiological basis of the relationships among these
factors.
The duration of the postpartum interval to estrus (PPI) is a significant
indicator of reproductive performance. In order to conceive during a 45 to 60 d
breeding season and maintain a 365 d calving interval, cows should return to first
estrus by 60 d post‐partum. The effects of pre‐ and post‐partum plane of nutrition
and cow BCS at calving and breeding have been evaluated for decades in both
multiparous and primiparous cows (Wiltbank et al., 1962; Dziuk and Bellows, 1983;
Richards et al., 1986; Selk et al., 1988; Lalman et al., 1997). Most researchers have
concluded that when comparing thin and moderate cows, BCS at calving is a key
factor affecting the PPI length and subsequent pregnancy rates. However, for cows
that are in moderate to thin condition (BCS ≤ 5), post‐partum nutrient intake (and
thus energy balance) can interact with pre‐partum nutrition to affect PPI (Wiltbank
et al., 1962, 1964; Dunn et al., 1969). Richards et al. (1986) evaluated multiparous
beef cows that were fed to attain BCS 4 to 7 at calving. Post‐partum, cows were
randomly assigned to treatments within BCS strata either to gain 0.45 to 0.68 kg/d,
maintain BCS, to lose 0.45 to 0.68 kg/d, or lose‐flush (lose 0.45 to 0.68 kg/d, until 14
d prior to the breeding season, then fed 4 to 6 kg of ground corn per d for the first
30 d of the breeding season). For cows calving at BCS ≤ 4, increasing nutrient intake
shortened PPI; whereas, for cows calving at BCS ≥ 5, nutrient intake did not affect
PPI. Irrespective of nutritional regime, cows that calved at BCS ≥ 5 returned to
estrus earlier than cows that calved at BCS ≤ 4 (49 vs. 61 d, P <0.01). Additionally,
the interval to pregnancy was not affected by post‐partum nutritional management
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for cows calving at a similar body condition score, but was shorter for cows calving
at BCS ≥ 5 compared to those calving BCS ≤ 4 (84 vs. 90 d, P < 0.05). However, for
both BCS groups, cows losing BCS had lower cumulative pregnant percentages at 20,
40, and 60 d post‐partum, compared to cows that maintained or gained condition.
This in contrast to the findings of Rutter and Randel (1984) which indicated that
increasing energy intake of cows in good condition also had a positive effect on PPI;
however, it should be noted that irrespective of post‐partum energy intake, all cows
had a PPI less than 60 d.
In production scenarios, however, it is generally not a financially sound
approach to allow cows to become thin prior to calving and then provide additional
energy during the post‐partum interval. Under these scenarios, providing large
quantities of concentrates is generally required and can be very expensive. The
alternative management approach is to graze cows ad libitum during mid and late
gestation to allow for the accretion of ample body reserves prior to calving. While
this approach is commonly practiced, the effects of over‐conditioning during late
gestation are not well understood in beef cows.
With respect to cows with greater energy reserves, it has been suggested that
cows entering the calving season at BCS ≥ 7 will rebreed satisfactorily regardless of
pre‐ or post‐partum changes in BW or BCS (Whitman, 1975). However, results from
several studies suggest that this hypothesis deserves additional attention, as it has
been reported that fat cows that do not lose condition (Houghton et al., 1999) or
that fat cows who lose too much condition during the post‐partum period
(Rakestraw et al., 1986) may exhibit suppressed reproductive performance, even if
entering the breeding season near BCS 5 (Wiltbank et al., 1964; Bellows and Short,
1978; Somerville et al., 1979; Cantrell et al., 1981; Hancock et al., 1985; Rakestraw
et al., 1986).
Rakestraw et al. (1986) evaluated mature fall‐calving range cows over 3 yrs
to determine the effects of post‐partum BW and BCS loss on performance. Cows
that calved at BCS 6.3 and lost 3% of their post‐partum BW and 8% of post‐partum
BCS (pre‐breeding BCS = 5.8) exhibited pregnancy rates of 88%. Cows that calved at
BCS 5.1 and lost 6% of post‐partum BW and 11.8% of BCS (pre‐breeding BCS = 4.5)
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exhibited pregnancy rates of 84%. However, cows that calved at BCS 6.25 and lost
17% of post‐partum BW and 23.2% of BCS (pre‐breeding BCS = 4.8) exhibited much
lower pregnancy rates (53%). If energy reserves alone communicate energy status
to the CNS or reproductive tract to influence pregnancy, one would have expected
cows at BCS 4.5 and 4.8 to have similar pregnancy rates, yet presumably due to
differences in magnitude of AT depletion, cows at BCS 4.8 performed more poorly.
Renquist et al. (2006) evaluated production data for fall‐calving cows over 7
yrs. Correlation and regression analysis indicated that when analyzed with BCS at
calving, neither pre‐ or post‐partum change in BCS were significantly associated
with pregnancy rate (P = 0.80 and 0.65, respectively).
These data suggest that BCS at calving or breeding is an animal’s ability to
withstand nutritional challenges. However, these measurements are not always
reliable predictors of reproductive performance and severe BCS loss post‐partum
can have a negative impact on pregnancy rates, even if cows have ample reserves at
calving and enter the breeding season with moderate reserves. There remains
considerable controversy regarding the interaction between level of energy
reserves at calving and postpartum energy level. The literature is unclear in
quantifying the absolute thresholds or degrees of body composition fluctuation that
can occur and still ensure a cow’s return to estrus within 60 d and/or without
depressing pregnancy rates.
This lack of understanding can result in the implementation of a nutritional
plan leading to detrimental effects, such as reproductive failure, late calving,
increased calf mortality/morbidity, or decreased calf weight gain. Further, a
management strategy that allows for significant accumulation of body energy
reserves for later mobilization must take into account the increased energy required
for maintenance of additional fat stores, increased energy expenditure for
locomotion, the potential negative effects of excessive fatness or rapid mobilization
of body fat during times of energy deficiency, and other systemic effects such as fetal
programming.
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Post‐partum Interval
For a more in‐depth discussion of this topic, readers are referred to the
excellent reviews by Short and others (1990) and Hess and others (2005) regarding
the nutritional and physiological controls of anestrus and reproduction.
Estrous cycle. The estrous cycle is, on average, a 21 d period during which
the continuous pattern of follicle recruitment and atresia occurs (follicular waves).
Once a cohort of follicles is recruited, one follicle responds more than the others and
continues to grow and become the dominant follicle. The continued follicular
growth results in increased estradiol production which, in the absence of
progesterone, will stimulate the release of GnRH, causing a surge of LH resulting in
ovulation of the dominant follicle. Following ovulation, the corpus luteum (CL) is
formed from the dominant follicle as the cells change function to luteal cells. Estrus
is the 12‐24 hr period in which cattle exhibit sexual responsiveness and ovulation
occurs. The increase in estradiol that is responsible for the onset of ovulation is also
the stimulus responsible for the onset of estrous behavior. If the released ovum
does not become fertilized (or fails to become implanted), prostaglandin F2α (PGF) is
released from the endometrium of the uterus, inducing luteolysis of the CL. The
resultant decrease in progesterone stimulates another follicular wave. In the event
of fertilization and implantation (i.e., conception), the newly‐formed embryo
secretes copious amount of interferon tau, which impedes endometrial secretion of
PGF (Hansen et al., 1999). As a consequence, the CL is maintained and secretes
progesterone, thereby inhibiting ovulation and estrus. Anestrus is the condition in
which a non‐pregnant cow fails to ovulate and/or exhibit sexual responsiveness.
Anestrus. After parturition, cows are infertile for varying lengths of time (the
postpartum anestrous period) for a variety of reasons. Initially the probability of a
pregnancy occurring after calving is related more to uterine involution and short
estrous cycles, rather than to anestrus itself (Short et al., 1990). While involution of
the uterus is necessary for the resumption of estrus, it is not generally a barrier that
is of major concern, from a practical standpoint, so long as normal involution is not
delayed or prevented. However, timing of uterine involution can play a role in the
fertility of short estrous cycles. Another condition that must be met before
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resumption of ovarian cycles is the replenishment of LH. During pregnancy,
placenta‐derived steroids, estradiol in particular, may deplete stores of LH in the
anterior pituitary gland (Williams, 1990; Yavas and Walton, 2000). The repletion of
LH stores generally occurs within 2‐3 weeks post‐calving (Nett et al., 1988; Yavas
and Walton, 2000). However, until the pulsatile release of LH from the pituitary is
stimulated, ovulation will not occur and the period of acyclicity will continue.
Short estrous cycles typically predominate during the first 40 d postpartum,
with far fewer occurrences afterward, and are characterized by smaller dominant
follicles and resultant CL than those seen in normal estrous cycles. It is likely that
the size of the dominant follicle and CL is diminished due to decreased or less
frequent pulses of LH. Short estrous cycles are problematic not from lack of general
infertility, as ovulation and fertilization of the ovum does still occur. However,
establishment and/or maintenance of pregnancy are prevented. This is a
consequence of greater production of PGF by the early postpartum uterus (which
causes regression of the CL) and the smaller than normal CL associated with shorter
estrous cycles (which produces less progesterone). Taken altogether, short estrous
cycles prohibit the maternal recognition and maintenance of pregnancy.
Because involution has typically occurred and short estrous cycles
diminished after 40 d postpartum, the major contributor to postpartum infertility
(besides general infertility) is anestrus – that is, the failure to exhibit standing “heat”
and to ovulate. The primary factors controlling the length of the PPI are nutrition
and suckling. Other, minor, influences that can affect the duration of the PPI
include: season, breed, age or parity, dystocia, presence of a bull, uterine palpation,
carryover effects from a previous pregnancy, environment, and disease status
(Short et al., 1990; Williams, 1990).
Short and Adams (1988) reported that the hypothalamus and pituitary are
both functionally competent well in advance of the resumption of estrous cycles,
and that it is the lack of pulsatile GnRH release and LH surge that prevents normal
cyclicity. The pulse generator is thought to be located in the median eminence
region of the hypothalamus. The manner in which nutrition and nutritional status
influence the length of the PPI is a complex of metabolic, endocrine, and neuronal
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influences. The suckling response has been shown to be an inhibitor of LH secretion
and therefore responsible for elongation of the PPI. The putative mode of action of
suckling on the hypothalamus is an increase in sensitivity of the GnRH pulse
generator to the presence of ovarian estrogens (Short et al. 1990; Yavas and Walton,
2000). Estradiol is an inhibitor of GnRH secretion and when pituitary cells are
continuously exposed to GnRH (rather than episodically) receptor affinity is down‐
regulated and GnRH and LH secretion are reduced (Short et al., 1990). Production
and secretion of steroids during pregnancy causes hypersensitivity to the negative
feedback of estradiol, which persists following parturition and is exacerbated by
decreased nutritional status (Keisler and Lucy, 1996; Wettemann et al., 2003).
Another hypothesized mechanism for the suppression of GnRH release by suckling,
is an increase in opioid peptide production. Numerous studies (cited in Yavas and
Walton, 2000) provide evidence for the role of endogenous opioids to inhibit GnRH
release via direct action on the GnRH neurons.
Nutrition and the CNS
Some factor or factors related to initial BCS and the rate of BCS loss appear to
interact to communicate to the brain not only the current energy status of the
animal, but also the ability of the animal to withstand future environmental
challenges. If the rate of loss is too great or the initial reserves too low, the brain
will interpret these signals to mean the animal is not capable of enduring the
additional demands of pregnancy. Higher priorities are conferred to sustaining the
life of the animal itself and preserving the life of the offspring still suckling.
Schneider et al. (2000) discussed the “metabolic hypothesis” for control of
reproduction. This hypothesis states that the brain senses the availability of
oxidative metabolic fuels, and that reproduction is dependent upon either adequate
caloric intake or availability of adipose tissue as sources of fuel along with available
energy for cellular oxidation. If either of these sources is compromised,
reproduction is either delayed or inhibited altogether.
However, a central tenant of the metabolic hypothesis is that sex behavior
and the GnRH pulse generator are directly or indirectly influenced by the minute‐to‐
minute sensing of oxidizable metabolic fuels. With respect to ruminants, due to a
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steady outflow of nutrients, particularly SCFAs, from the rumen and the reliance on
hepatic gluconeogenesis for production of glucose from acetate, minute‐to‐minute
changes of glucose and other oxidizable fuels is not as likely to control estrous and
reproductive behavior in cattle as in nonruminant species. Nevertheless, the
intricacies of this hypothesis and the possible applications of its tenants to
understanding reproduction in ruminants warrant further consideration, as
previous research clearly indicates that nutritional regulation of reproduction in
ruminants is a complex of body energy stores and rate of depletion.
To elucidate the concept of how nutritional regulation by the hypothalamus,
one must take a more in‐depth look at how the hypothalamus receives and
interprets the multitude of nutritional signals it receives. Not only does suppression
of cyclicity at the CNS level exist (suckling), evidence exists to support the
involvement of the pituitary (via neuropeptide Y). Due to its abundance and
widespread nature within in the CNS (White, 1993) and its response to energy
status and food intake (Bojkowska et al., 2008), hypothalamic neuropeptide Y (NPY)
is a putative means by which information about the metabolic state of the animal is
relayed to hypothalamic neurons. Concentrations of glucose and leptin, both which
circulate in proportion to body fatness, have been shown to inhibit NPY; further, the
resultant decreases in these signals during a period of fasting will increase the
responsiveness and sensitivity of NPY (Murphy et al., 2009). These conclusions
indicate that both the energy status and the energy balance of an animal influence,
and may interact to influence, control of reproduction via NPY regulation of
hypothalamic function.
To help gain a better idea of how changes in energy balance may exert an
influence on the control of reproduction, in addition to or separate of energy status
(as determined as a static measurement of BCS), the nutritional management
technique of “flushing” should be reviewed. Flushing refers to providing increased
energy intake 2 to 4 weeks prior to the beginning of the breeding season. The
premise behind this management technique is that for cows in thin condition, the
flushing diet will increase the number of cows cycling at the beginning of the
breeding season and enhance conception rates.
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Numerous studies have demonstrated the benefit of placing beef cows a
higher plane of nutrition during the post‐partum period (Bartle et al., 1984; Ciccioli
et al., 2003). Further, it has been shown that an interaction between BCS at calving
and the provision of a flushing diet exists (Richards et al., 1986), with thinner cows
exhibiting a greater response to the additional energy intake. Richards et al. (1986)
demonstrated no difference in cumulative pregnancy rates for cows calving at BCS ≥
5, regardless of postpartum nutritional regime; however, those cows calving at BCS
≤ 4 that were not placed on positive plane of nutrition prior to breeding exhibited
depressed cumulative pregnancy rates, whereas those placed on a flushing diet
beginning 2 wk before breeding and continuing for 30 d into the breeding season
did not differ in percent pregnant compared to cows on a high or moderate plan of
nutrition throughout the postpartum period.
Khireddine et al. (1998) demonstrated the capacity of a flushing regimen to
enhance follicular growth independent of LH (which was not affected by treatment).
As a result of the prescribed regimen, the number of cows pregnant 21 d following
AI was greater compared to those cows on a restricted energy diet (75 vs. 12.5%, P
< 0.05). It is not clear if the increased pregnancy rate was due to increased
fertilization rate or reduced early embryonic death.
There are a variety of mechanisms by which supplemental energy intake may
act to increase conception rates. Obvious mechanisms include the obviation of the
inhibitory effects of NEB, by increasing circulating levels of glucose, propionate,
insulin and other hormones while decreasing the levels of β‐OH and NEFA, although
how this resumption of PEB acts mechanistically is not well described. Other
putative mechanisms include the effects of NEB on IGF‐I and its binding proteins
within the reproductive tract. Fenwick and collaborators (2008) demonstrated (in
dairy cows) that not only are circulating levels of IGF‐I low after calving, NEB may
alter specific expression of IGF binding proteins (IGFBP), thus indirectly regulating
IGF availability in the oviduct. This perturbation of the oviductal environment may
alter embryo development causing increased rates of embryonic mortality. In
addition to these findings, the same group of researchers previously reported
(Llewellyn et al., 2007) that via its action on IGFBP, NEB can alter the bioavailability
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of IGI‐I and IGF‐II and thus perturb the pre‐recruitment stages of ovarian follicles,
which are required for maintenance of normal ovarian cyclicity. These studies
provide evidence for a role of flushing diets to not only increase conception rates,
but to enhance embryo survival, thus improving pregnancy rates.
Additionally, other factors besides the return to luteal activity may be
affected negatively by NEB. Metabolites associated with NEB have been shown to
have negative effects on the reproductive tract. Leroy et al. (2006) evaluated the
developmental competence of oocytes incubated in vitro with normal and low
concentrations of glucose and BHB concentrations typical to that of follicular fluid of
cows with either subclinical or clinical ketosis. For subclinical conditions, control
glucose was 5.5 mM, hypoglycemic level was 2.75 mM, and BHB addition equaled
1.8 mM. For clinical conditions, control glucose was 3.1 mM, hypoglycemic level was
1.375 mM, and BHB addition was 4.0 mM. They found that in the case of subclinical
conditions, hypoglycemic conditions tended (P = 0.08) to have a negative impact of
cleavage rates; however, the addition of BHB had an additive toxic effect on oocyte
maturation (P < 0.05). In contrast, in clinical ketotic conditions, the very low
glucose levels were more toxic to maturing oocytes than were high BHB
concentrations. Together, these data indicate that only during periods of
moderately depressed glucose levels will BHB have a negative effect on oocyte
development, but in cases of clinical ketosis, it is the very low glucose levels that
negatively affect oocytes. The effects of NEB and its associated metabolites on the
reproductive tract is currently be evaluated in numerous laboratories. Those
findings will represent critical pieces of the nutritional regulation of reproduction
puzzle.
Therefore, it may well be, that it is not the presence, per se, of metabolites
associated with positive energy balance, but the absence of those associated with
negative energy balance that causes the positive response to flushing. For a more
detailed look at how blood metabolite concentration and changes may influence
reproduction, readers are directed to the review by Hess and others (2005).
Wade and Jones (2004) stated that while the correlation between body
fatness and reproduction, it is incorrect to conclude that they are causally related;
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rather, it is that both low body fat content and reproductive failure are the
consequences of negative energy balance. In partial explanation of how NEB and
reproduction are linked, these researchers point to neurons located in the hindbrain
which appear to have the capacity to detect alteration in metabolic fuel availability
and then communicate this information via production of NPY and catecholamines.
These products are projected to the forebrain where they directly suppress GnRH
secretion by contacting GnRH neurons or indirectly via corticotrophin releasing
hormone.
However, it has also been frequently demonstrated that the PPI is shorter in
duration (as determined by changes in serum progesterone levels) in cows with
greater BCS at calving regardless of post‐partum degree of condition loss, indicating
that the mechanisms controlling return to cyclicity are not fully understood and
appear to be complex in nature. Moreover, while PPI was not negatively affected in
the aforementioned class of animals, numerous reports indicate that pregnancy
rates can be compromised in these females, despite seemingly normal cyclicity. An
interesting hypothesis that could explain this observation is the inhibitory effect of
NPY and CA on loci in the forebrain that control estrous behavior and sexual
receptivity (Wade and Jones, 2004). More information regarding the conception
rates to AI are required to determine if this hypothesis is valid.
BCS and Blood Hormones and Metabolites
Due to its multitude of actions in homeostatic regulation, insulin has been the
subject of considerable research. Although leptin has been the focus of much recent
research due to its secretion by adipocytes, insulin was the first adiposity signal
described. Obviously, due to its secretion by pancreatic β cells in response to
minute changes in blood glucose, insulin plays a role in the meal‐to‐meal regulation
of energy homeostasis. What is substantive to the long‐term role of insulin on
maintaining body fat levels is that 24 h and fasting levels of insulin are reflective of
adipose stores (Bagdade et al., 1967).
Insulin levels are quite sensitive to nutritional status, increasing in the fed
state and when animals are on a positive plane of nutrition and decreasing when
animals are in the fasted state or on a negative plane of nutrition. It has been shown
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that insulin can mediate GnRH release and have other effects on reproductive
capacity. As insulin concentrations increase, the release of GnRH is increased, cell
proliferation and steroidogenesis are increased in the ovary, and GH levels are
decreased.
Lents et al. (2005) reported positive correlations (P < 0.05) between BCS and
fed (r = 0.58) and fasted (r = 0.30) concentrations of insulin of gestating beef cows.
Lake and others (2006) fed cows to achieve BCS 4 or 6 at calving and then provided
both groups with an isocaloric, isonitrogenous diets to meet energy requirements
post‐calving. They reported no difference (P =0.27) for insulin concentrations (0.89
vs 0.94 ng/mL) or glucose concentrations (70.8 vs. 73.9 mg/dL) in plasma during
early lactation of beef cows at BCS 4 or 6 at calving, respectively; however BHB
(0.38 vs. 0.35 µmol/L) and NEFA (0.42 vs. 0.37 mEq/L) concentrations tended (P =
0.08) to be greater for BCS 6 during early lactation compared to BCS 4 cows,
whereas GH levels were higher in BCS 4 cows (7.9 vs. 6.8 ng/mL, P = 0.003).
Comparing concentrations of metabolites of all cows at d 30 and 60 of lactation,
concentrations of NEFA and glucose declined (P = 0.05), BHB tended to decline (P =
0.07) and insulin and GH did not differ between times.
Zulu and others (2002) investigated the relationship between BCS, blood
metabolites and hormones, and ovarian function in a post‐hoc study with dairy
cows. Blood samples were collected at weekly intervals during the 60 d prior to
calving and twice per wk for the 1‐2 wks pre‐partum and 2‐3 times per wk
postpartum, continuing for 60 d post‐partum. Cows were classified according to
cyst diagnosis. Cows that developed cystic ovaries or had generally inactive ovaries
were those cows that displayed greater BCS during the dry period and during the
first mo post‐partum. Further, cows that experienced greater loss (> 0.75 BCS
points, BCS scale 1‐5) were those cows displaying inactive ovaries. Cows with
normal, cystic or persistent CL did not significantly differ in body condition loss.
Cows with inactive or cystic ovaries displayed greater concentrations and greater
increases in NEFA during wks 0‐3 and 4‐7 post‐partum. Weekly changes in serum
NEFA were negatively correlated to ovarian status (r = ‐0.74 to ‐0.97), with the
strongest relationship between NEFA and cystic ovaries (r = ‐0.97).
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Leptin. Discovered in 1994, leptin has been the primary focus for the
explanation of the “lipostatic theory”. Produced primarily by white adipose tissue,
and present in the blood at concentrations commensurate with body fatness, the
role of leptin in signaling body fatness seems apparent. It wasn’t until the 1990s
when leptin was discovered and characterized, and its receptors identified and
localized, that the mechanisms by which body fat signals the CNS to regulate intake
took shape, despite the previous work with insulin.
Although a role for leptin in the regulation of hypothalamic function in beef
cattle has not been established, there is some evidence to suggest leptin has such an
effect in sheep (Sorensen et al., 2002; Wettemann et al., 2003). It is possible that a
yet‐unknown mechanism exists for leptin to act as a messenger of energy reserves,
as there is a positive correlation between leptin concentrations and BCS in cows
(Delavaud et al, 2002). Other hormones, such as adiponectin, also play a role in
regulating the energy balance of the animal, by exerting local effects on the
adipocyte in regard to lipid metabolism (Havel, 2002). The combined effects of
these exocrine, paracrine, and autocrine responses allow for detection of minute
changes in energy status of the animal, allowing for integration of responses such as
reproduction with the nutritional status of the animal.
Several isoforms of leptin receptors exist; however, only the long form (Ob‐
Rb) contains an intracellular signaling domain. Large quantities of Ob‐Rb have been
located in the arcuate nucleus of the hypothalamus in mice (Mercer et al., 1996).
Activation of Ob‐Rb induces the JAK‐STAT signaling pathway, which causes changes
in gene transcription of NPY and POMC (Baskin et al., 1999); this is a putative
mechanism by which leptin exerts long‐term control of intake. Acute changes with
leptin infusion are also documented, indicating that leptin also acts in a manner
other than the alteration of gene transcription and translation. Spanswick et al.
(1997) demonstrated the ability of leptin to regulate neuron membrane potential
within minutes, providing a potential mechanism for the short‐term regulation of
feed intake by leptin. Furthermore, it is possible that leptin affects the GnRH pulse
generator either directly or indirectly due to the close proximity within the median
eminence of the hypothalamus.
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Lents et al. (2005) reported a positive correlation (P < 0.05) between BCS at
calving and leptin in fed (r = 0.81) and fasted (r = 0.66) beef cows. The correlation
between leptin and other hormones was also evaluated 3 times during the
treatment period (d 68 = 170 d prior to calving; d 109 = 61 prior to calving; d 123 =
47 d prior to calving). Insulin was significantly correlated with fasted IGF‐I
concentrations at d 68 (r=0.42), 109 (r=0.51), and 123 (r=0.32). Insulin and leptin
concentrations in fed cows were also positively correlated at d 68 and 109 (r = 0.26
and 0.45, respectively). Regression of BCS on concentrations of insulin and leptin
indicate that at d 109 of treatment, BCS accounted for 34% of the variation of insulin
(P = 0.001) in fed cows and 10% of the variation of insulin (P < 0.05) in fasted cows.
However, BCS accounted for 77% of the variation of leptin in fed cows and 48% of
variation of leptin in fasted cows (P = 0.001). Houseknecht et al. (2000)
demonstrated increased leptin mRNA abundance in bovine AT explants with
increasing levels of insulin in the media. This action appears to be mediated by
long‐term changes in energy status, as Delavaud et al. (2002) showed no correlation
between insulin and leptin in cows underfed for 1 wk.
The interaction between energy balance and reproduction is complex. It is
not well understood if reproduction is negatively affected by the metabolites
associated with NEB (which could exert a suppressive effect on hypothalamic
function), or if the absence of these metabolites has a non‐inhibitory effect (in
contrast to the metabolite concentrations associated with PEB having a stimulatory
effect).
It is known that when an animal consumes enough energy to meet or exceed
energetic demands, the provision of metabolic fuel (i.e., sufficient quantities of
propionate (for net production of glucose) and acetate (for energy production via
the TCA cycle) is sensed by the brain, thus promoting reproductive capacity. The
availability of net glucogenic precursors and decreased AMP levels stimulate the
endocrine pancreas to release insulin. Insulin then acts to promote glycogenesis
and lipogenesis. As a result, a shift in the blood parameters occurs as levels of
ketone bodies, NEFA, glucagon, and GH are decreased. Because glucose
concentrations remain fairly static in ruminants, the role of glucose in mediating
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hypothalamic release of GnRH has been called into question. It has been theorized
that the availability of glucose is not directly stimulatory, but rather it is the absence
of increased rates of gluconeogenesis and the metabolites associated with NEB that
stimulate hypothalamic function during times of energy surfeit (Hess et al., 2005).
Holtenius and others (2003) conducted a study with 24 multiparous dairy
cows selected for either high or low milk fat content and fed one of three amounts of
the same diet beginning 8 wk before expected calving. The rations provided 71 (L),
106 (M), or 177 (H) MJ of metabolizable energy (ME). After calving, all cows were
provided ad libitum access for 15 wk to a TMR that provided 11.8 MJ/kg DM. The
intent of the study was to determine how feeding level during gestation affected
plasma hormones and metabolites pre‐ and post‐calving. Animal performance,
including changes in BCS was published in a companion paper (Agenas et al., 2003).
Cow BCS increased 7.9% (of wk 1 BCS) for L cows from wk 1 to 12 post‐calving;
however, during this period, BCS for H cows declined 21%. Cows on the M
treatment initially (from wk 1 to 6) lost 10.7% of wk 1 BCS but gained condition
from wk 6 to 12 for a slight overall decrease of 3.6% from wk 1 to 12. Plasma leptin
concentrations increased for all groups from ‐8 to ‐3 wks prior to calving, with a
greater increase for H cows than for L or M. From ‐3 wk to 1 wk post‐calving
concentrations of leptin decreased in all groups and remained below those
measured during the dry period. The decrease in leptin was greatest for H cows and
intermediate for M cows. During the 4 wk prior to calving, insulin and glucose
concentrations were greatest for H cows and declined rapidly post‐calving for all
groups, with the greatest reduction for H cows, intermediate for M cows and lowest
for L cows. Glucose concentrations also declined post‐calving for all groups, but
remained higher for those cows fed more energy prior to calving. Concentrations of
NEFA increased for all groups as they neared calving and continue to increase
during the first 4 wk post‐calving. Post‐calving NEFA levels were greatest for M
cows and peaked at 1 wk post‐calving and declined by 2 wks. However, NEFA levels
remained elevated in both L and H cows for 4 wks post‐calving. The rise in NEFA
concentration was greater for H cows than L cows, indicating an inverse
relationship between AT mobilization and energy intake prepartum. Milk
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progesterone content indicated that H cows tended (P < 0.12) to have a longer PPI
(52 d) compared to M (29 d) or L cows (35 d). This effect may be associated with
the relative increase in ME intake for M and L cows relative to H cows.
The nutritional status of the animal greatly influences the metabolic
environment, causing changes in metabolic pathways, circulating levels of
metabolites, and ultimately influencing animal performance parameters such as
reproduction. DiCostanzo et al. (1999) intraruminally infused 6 ovariectomized
heifers with isocaloric amounts (6.8 Mcal ME/d) of acetate or propionate in a
switchback design in order to evaluate the effect of these SCFA on LH, insulin, and
other metabolites when energy intake was restricted. They reported that infusion
of acetate had the following effects relative to propionate and/or vehicle: decreased
insulin secretion, increased NEFA concentration, increased BHB, and decreased
mean concentration and pulse amplitudes of LH. This study provides evidence for
the metabolic regulation of the physiological processes associated with resumption
of estrus in the postpartum beef cow. Hess and others (2005) reviewed the role of
metabolites as nutritional mediators of reproduction and reported an overall dearth
of information regarding how each of the metabolites interacts with the
reproductive axis.
In addition to the effects of NEB already discussed, it has been shown that
when cows are nutritionally compromised, they remain sensitive to the negative
feedback (Wettemann et al., 2003) of estradiol on the hypothalamus and GnRH
secretion. As a result, these cows have a longer anestrous period due to decreased
LH secretion. Pires et al. (2007) demonstrated that increased levels of circulating
NEFA and TAG can induce insulin resistance at the adipocyte level via an
accumulation of long‐chain acyl CoA. If cows remain in NEB for an extended period
of time or experience severe NEB, the circulating levels of NEFA can exacerbate the
occurrence of metabolic disorders and reproductive failure via decreased feed
intake, insulin resistance, and increased GH levels (which plays a role in directing
anabolic processes and are associated with increased insulin concentrations.)
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BCS and Voluntary DMI
Adiposity signals, and their regulation of energy intake and expenditure have
been the subject of research for over 50 years. Leptin and insulin are most
frequently cited as signals of adiposity, in that they circulate in proportion to body
fat mass and act on the CNS to regulate energy homeostasis. Other molecules, such
as ghrelin, which is secreted from the stomach, have been implicated in short‐term
regulation of energy homeostasis. More recently, the theory that the oxidation of a
variety of nutrients by the liver signals the brain to control food intake in ruminants
(Hepatic Oxidation Theory, HOT) has been explored (Allen et al., 2009).
Central to the HOT is the concept that hepatic energy status is related to
feeding behavior. Evidence for this theory was first demonstrated in rats (Ji and
Friedman, 1999). The liver is innervated with vagal fibers that are a putative mode
of communication with the CNS (Berthoud, 2004). The hypophagic effect of high
concentrate diets in ruminants has been reported (Allen, 1996; Galyean and Defoor,
2003). This effect is also mediated by grain type and grain processing, with greater
decreases in DMI with increased starch digestibility (Brown et al., 2000; Bengochea
et al., 2005). Specific nutrients and metabolites have also been implicated in the
regulation of DMI in ruminants. For instance, the hypophagic effect of propionate is
well documented (Allen, 1996). Fatty acids, both of exogenous and endogenous
origins, have been demonstrated to reduce DMI (Allen, 1996).
Most compelling, certainly for dairy cows, is the hypophagic effect of NEFA.
Negative energy balance and reduced body mass up‐regulate NPY and agouti‐like
protein (AgRP) mRNA, which increase food intake and reduce energy expenditure
(Shwartz et al., 1993). However, for ruminants undergoing lipolysis (a key indicator
of NEB), especially high‐producing dairy cows, intake is often depressed. This
depression in intake is generally short‐lived; however, profound metabolic upset
does occur in which the regulation of intake and energy expenditure is apparently
unhinged. During the early post‐partum period, plasma insulin concentration is
reduced, while at the same time, adipose tissue is less sensitive to insulin, resulting
in hyperlipidemia. The hepatic uptake of NEFA increases tremendously which
results in increased mitochondrial β‐oxidation (provided sufficiency of carnitine
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palmitoyltransferase to transfer LCFA into the mitochondria); if sufficient TCA
intermediates are present, acetyl‐CoA from β‐oxidation will be oxidized, altering the
energy status of hepatic cells. This localized change could perturb the afferent
signals to the brain, thus triggering hypophagia, despite NEB in the whole organism
(Allen et al., 2009). For fatter cows which mobilize greater quantities of body fat
post‐calving and exhibit elevated levels of NEFA compared to thinner cows in NEB,
this effect could be more pronounced resulting in a greater depression in DMI and
exacerbating the extent of NEB and extending the duration to EB nadir.
BCS at Calving and BCS Change Post‐calving
Another concept that is a putative explanation for the observance of fatter
cows mobilizing body fat more rapidly is the lipostatic theory. This theory was
originally established in 1953 by George Kennedy. However, the oldest entry in
PubMed for lipostatic theory retrieves the seminal work of Jean Mayer (1955), in
which the roles of regulating energy intake and body weight were related to both
glucose and body fat. In the intervening years, the lipostatic theory has become
widely accepted as the explanation for the regulation of body fatness and mass over
time. Central to the theory is the idea that a signal(s) is produced by adipose tissue,
travels to the brain, and there signals the hypothalamus to initiate a cascade of
regulatory events that alter energy intake and expenditure (Speakman et al., 2002).
The premise behind this theory is the observation that, over time, animals (and
people) seem to maintain a target or “set‐point” body mass, resulting in a stability of
body mass by alteration of feeding behavior (hypophagia or hyperphagia) and/or
energy expenditure. This body mass “set‐point” will be discussed in greater detail in
the following sections, as it relates meaningfully to observations in livestock
research and production.
The initial observations that prompted the lipostatic theory were that
despite intervals (of months or more) in which body mass and fatness were
perturbed, when the conditions were removed, the subjects returned to the level
that existed prior to the initiation of the perturbation. This leads to the
development of three major concepts: 1) there is a genetically (ostensibly) level of
body mass or fatness that individuals gravitate toward, and 2) the body must have
32

mechanisms in place to sense alterations to this predisposed level, and 3) despite
environmental or nutritional constraints (unless severe), the body exerts
mechanisms to return to this level.
Indeed, this phenomenon is frequently observed in ruminants, more so in
high‐producing dairy cows, but also in beef cows, during early lactation. Although
not adequately quantified, it is generally held that fatter cows eat less, even in early
lactation when energy demand is high. A plethora of reasons has been proposed,
but the lipostatic theory seems to be of greatest likelihood. In 2004, Friggens et al.
evaluated in great detail the prediction of changes in body fat during pregnancy and
lactation, as controlled by a genetically driven trajectory to attain a predetermined
level of body fatness. One area of discussion germane to understanding the effects
of over‐feeding, is the phenomenon of animals to return to a previously determined
level of body fatness, irrespective of environmental conditions. Cows appear to
have an innate drive to mobilize fat reserves during early lactation to return to pre‐
partum levels of fatness. That is, animals allowed to accrete body fat beyond a point
that is “natural” or “programmed” for that animal will mobilize fat to return to that
point. Garnsworthy and Topps (1982) also reported an increased rate of post‐
partum mobilization of body energy reserves for fatter cows at calving, which has
been associated with an increase in the duration of the post‐partum anestrous
period due to a longer interval to energy balance nadir (Wright, 1992).
Garnsworthy et al. (2008) reviewed a decade’s worth of literature and concluded
that genetically fat animals will not mobilize as much fat in response to dietary
restriction or increased energy expenditure; however, animals that have been
nutritionally manipulated to be fatter at the time of calving will experience greater
mobilization of body fat reserves during the periparturient period.
One putative hypothesis for the observation that fatter cows mobilize body
fat at a greater rate than thinner cows was reported by Rukkwamsuk et al. (1999)
and puts forth that there is an “unhinging” between lipolysis and its regulatory
functions during the early post‐partum period. This resulted in overfed cows
remaining in NEB longer than restricted cows.
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It is still unclear what magnitude of post‐partum loss can be tolerated
without affecting reproductive performance. Further yet, the mechanism behind the
observation that increased fatness results in greater mobilization is not fully
understood; however, it is evident in many research scenarios, that fatter cows do
mobilize fat at a greater rate than thinner cows even when fed the same on a BW0.75 ‐
basis (Chilliard, 1992).
Thus, the objectives of this research were to evaluate and characterize the
post‐partum changes in BW, BCS, plasma metabolites, and in vitro lipolysis of cows
differentially fed to attain BCS 5 or 7 at calving.

34

Table 2.1. Body condition scoring systema
Score
Description
1
Severely emaciated. All ribs and bone structure easily visible and
physically weak. Animal has difficulty standing or walking. No external fat
present by sight or touch.
2
Emaciated. Similar to 1 but not weakened.
3
Very thin. No palpable or visible fat on ribs or brisket. Individual muscles
in the hind quarter are easily visible and spinus processes are very
apparent.
4
Thin. Ribs and pin bones are easily visible and fat is not apparent by
palpation on ribs or pin bones. Individual muscles in the hind quarter are
apparent.
5
Moderate. Ribs are less apparent than in 4 and have less than 0.5 cm of fat
on them. Last two or three ribs can be felt easily. No fat in the brisket. At
least 1 cm of fat can be palpated on pin bones. Individual muscles in hind
quarter are not apparent.
6
Good. Smooth appearance throughout. Some fat deposition in the brisket.
Individual ribs are not visible. About 1 cm of fat on the pin bones and on
the last two to three ribs.
7
Very good. Brisket is full, tailhead and pin bones have protruding deposits
of fat on them. Back appears square due to fat. Indentation over spinal
cord due to fat on each side. Between 1 and 2 cm of fat on last two to
three ribs.
8
Obese. Back is very square. Brisket is distended with fat. Large protruding
deposits of fat on tailhead and pin bones. Neck is thick. Between 3 and 4
cm of fat on last two to three ribs. Large indentation over spinal cord.
9
Very obese. Description of 8 taken to greater extremes.
aWagner et al., 1988
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CHAPTER 3. THE EFFECTS OF NUTRITIONALLY‐MODULATED PREPARTUM BCS
ON PRE‐ AND POSTPARTUM METABOLIC RESPONSES AND PERFORMANCE OF
MULTIPAROUS BEEF COWS.
INTRODUCTION
Suboptimal reproductive performance in beef cows costs the U.S. beef
industry in excess of $240 million annually and constitutes a substantial inefficiency
in our food production system. Although it is well recognized that nutrition and
body condition are critically important for optimal reproductive function in beef
cows, there are significant gaps in our understanding of the physiological basis of
the relationships among these factors. Although BCS is a frequently measured
response variable in beef cow research, little research has been conducted with beef
cows to determine how body fatness levels affect the cow’s response to the
homeorhetic adaptations that occur prior to parturition. Further, there has been
little investigation into how BCS and plane of nutrition interact to influence post‐
partum BCS change. The literature is rife with contradictory and incomplete
findings regarding the effects of BCS at calving and postpartum BCS loss on
reproductive success (Wiltbank et al., 1964; Bellows and Short, 1978; Somerville et
al., 1979; Cantrell et al., 1981; Hancock et al., 1985; Rakestraw et al., 1986).
Consequently, there are no clear guidelines regarding how much BC a cow
can lose over a given time before reproductive performance is compromised. Beef
cows of varying BCS at calving have been observed to have differing postpartum BW
and BCS losses (both in relative and absolute terms) and differing subsequent
reproductive performance. The relative roles of BCS and BCS change on PPI and
pregnancy rates are unclear. Friggens (2003) has proposed a model in which the
likelihood of the onset of estrus is diminished as a function of low energy reserves in
thin cows, and as a consequence of rapid rate of lipid mobilization in fat cows. The
model distinguishes between the mobilization of body reserves that occurs as a
consequence of nutritional inadequacy and that which occurs even when nutrition is
not compromised. The assumption is that non‐compromised mobilization of body
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lipids does not have an effect of the return to estrus, so long as the rate of
mobilization does not exceed that which is normally observed in thinner cows.
Most of the research conducted to evaluate the effects of BCS at calving on
non‐compromised lipid mobilization has been conducted in dairy cows. Because of
generations of selection pressure, dairy cows, on average, have a much lower
proportion of body fat than beef cows. Further, due to the artificial demand for milk
production placed on dairy cows, there are significant differences in the magnitude
of metabolic and production demands in beef and dairy cows, making it likely that
the regulatory axis between energy balance, lipid metabolism, and reproduction
functions differently between these breed types.
The current experiment sought to examine how nutritionally modulated BCS
at calving affects postpartum BCS change, as well as investigate relationships
between BCS changes and changes in blood metabolites and performance of beef
cows and their progeny. The hypothesis tested is that cows that are nutritionally
manipulated to be fatter at calving will experience greater post‐partum body fat
mobilization.
MATERIALS AND METHODS
This experiment was conducted at the University of Kentucky Animal
Research Center Beef Unit located in Woodford County, Kentucky. All experimental
procedures utilized in this study were approved by the University of Kentucky
Institutional Animal Care and Use Committee.
Animals and Treatments
Forty pregnant, predominantly Angus, fall‐calving, multiparous cows (≥ 3 yrs
of age) from the University of Kentucky beef herd were used in a completely
randomized design with two treatments to evaluate the effects of prepartum
nutrient intake level and BCS at calving on metabolic response and animal
performance pre‐ and post‐calving. Beginning in January 2009, cows were weighed
and condition scored following a 16‐hr fast. Cows were sorted by mean BCS and fed
differentially in pastures to reach and maintain BCS 5.0 (1 = emaciated, 9 = obese;
Wagner et al., 1988) by April 9, 2009. On April 9, 2009 (2 wk before initiation of the
study), cows were fasted overnight, weighed and scored for body condition, placed
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in groups pens (n = 4 per pen), and fed a common diet at amounts calculated to
maintain BW and BCS until April 22, 2009, at which time cows were fed one of two
dietary treatments (described below). Cows remained on their nutritional
treatments until an average of 7 d prior to calving (yielding an average treatment
period of 138 d). Measurements of BCS and plasma metabolites continued until
weaning which occurred at an average calf age of 180 days (325 d after initiation of
nutritional treatments).
On d 0, cows were stratified to balance for fasted BW and BCS, estimated d
pregnant, age, and hip height and were randomly assigned within strata to one of
two nutritional treatments. Averages and standard deviations for these variables
are shown for each treatment in Table 3.1. Treatments consisted of high intake of a
mixed ration containing 74% TDN (Table 3.2) to achieve BCS 7 at calving (HI) or
moderate intake of the same ration to maintain BCS 5 throughout the study (M),
n=20 per treatment. Average energy intake for M cows and H cows, during
gestation, was 0.94 x NEM and 2.3 x NEM, respectfully.
Cows were blocked by BW within treatment and assigned in groups of 4 to
4.9 x 14.6 m group pens (5 pens per treatment) in a partially enclosed barn (1/3 of
the area of each pen was under roof). Cows were fed once daily in the morning and
had continuous access to water. Fasted (16‐hr withdrawal from feed and water)
BW and BCS were measured at 14‐d intervals and were used to make adjustments
to feed allowance. The ration provided was fed at amounts calculated using NRC
(2000) formulae adjusted for breed, BW, BCS, days since calving, previous and
current temperatures, hair coat, heat stress, and wind speed. During the first 84 d,
intake targets were not achieved because some animals on the M treatment were
‘stealing’ feed from adjacent, HI‐treatment feed bunks. Adjustments were made to
eliminate this problem, and intakes were as intended for the remainder of the study.
Thus differences in BCS at calving between treatment groups were largely elicited
by intake differences in the 60 d preceding parturition.
Cows were removed from group pens in calving blocks approximately 3 d
prior to expected calving and placed in a common 6.07 ha pasture with abundant
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orchardgrass forage and free‐choice access to a salt/mineral mixture1. Calf gender
and weight were recorded within 48 h of birth. Fasted cow BW and BCS were
evaluated at 3 times post‐calving (within 3 wk after calving, approximately 40 d
after calving, and at the beginning of the breeding season (mean 84 d post calving).
Beginning 9 d prior to the beginning of the breeding season, all cows were subjected
to an estrus synchronization protocol using CIDRs and GnRH injections. Five d later,
CIDRs were removed and prostaglandin F2α was injected in the morning and
afternoon. Beginning 4 d after CIDRs were removed, cows were bred off of observed
estrus, with any cows not yet bred being inseminated on a timed AI protocol
beginning at 1500 h. Cows had previously been randomly allotted within treatment
to be inseminated using either normal or sexed semen. Evaluation of estrus
behavior was detected visually and using estrus‐detection patches. Cows that were
observed to be in estrus received a second insemination approximately 12 hr after
the observation. The second service was within 24 hr of the timed AI event. Eight d
after AI, cows were pasture exposed to a single natural service sire for 69 d to
constitute a 77‐d breeding season. Pregnancy status was determined 13 d after the
end of the breeding season via transrectal ultrasonography. Cows and calves grazed
as one contemporary group from calving until weaning.
Sample Collection and Assay
At 28‐d intervals during gestation and at each postpartum evaluation of BW
and BCS, blood samples were collected via jugular venipuncture into evacuated
tubes containing sodium heparin as anticoagulant (BD Vacutainer, Franklin Lakes,
NJ). Harvested plasma was stored at ‐20°C until further analysis. Beginning within
2 wk of calving, cows were bled weekly via the jugular vein to determine serum
progesterone concentrations. Sampling continued until each cow reached ≥ 1 ng/ml
of serum progesterone, at which time it was determined that luteal activity had
resumed (Long et al., 2009). Enzymatic determinations were made using a Konelab
20XTi Clinical Chemistry Analyzer and commercially available kits for glucose
(Infinity, ThermoScientific, Waltham, MA), NEFA (Wako Pure Chemical Industries
1

Mineral mixture contained 19% NaCl, 14.2% Ca, 6.4% P, 3.2% Mg, 0.9% K, 1450 ppm Cu, 2251 ppm Mn,
2381 Zn, 30 ppm Se, 48 ppm I, 17.3 ppm Co, 683,400 IU/kg Vit A., and 275 IU/kg Vit E.
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Ltd., Richmond, VA), and BHB (Sigma Diagnositics, St. Louis, MO). Serum
progesterone concentrations were determined using a commercially available RIA
(Coat‐A‐Count, Siemens Medical Solutions Diagnostics, Los Angeles, CA) on a
Packard Cobra 5010 Auto Gamma Counter.
Statistical Analyses
For data analysis, measurements were grouped with respect to days relative
to calving. The time points (periods) for measurements were thus defined as ‐145, ‐
84, ‐20, ‐7, 20, 40, 84, and 180 d (based on average d relative to calving), where d ‐
145 was the beginning of the study, d 84 was the beginning the breeding season and
d 180 corresponded to weaning in March, 2010. Cow weight, BCS and blood
metabolite, and calf performance data were analyzed as repeated measures in a
completely randomized design using the Mixed Model Procedure of SAS (SAS Inst.
Inc., Cary, NC). The class statement contained terms for cow and period and the
model included dietary treatment, period, and the interaction of treatment x period
as fixed effects and cow age as a covariate. For calf data, gender and sire were
included as covariates in the model. Period was identified as a repeated measure
within subject, which was defined as cow nested within treatment. The
denominator degrees of freedom were adjusted using the Kenward‐Roger method
(Littell et al., 1998) and an autoregressive heterogeneous covariance structure,
ARH(1), was used (Wolfinger, 1996) based on analysis of fit statistics. Cow age was
not significant (P > 0.55) for any response variable and was therefore removed from
the models. In the presence of treatment x period interactions, comparisons
between treatment means were performed within period.
Calf birth weight and birth date, change in BCS and plasma metabolites, days
to luteal activity, pregnancy rate, conception date, and d from calving to conception
were analyzed using the Mixed Model Procedure with nutritional treatment as the
fixed effect. For calf data, the model also included calf gender and sire as covariates.
For reproductive data, the model initially included the fixed effect of semen type, AI
sire, and AI technician, but these variables were removed due to lack of significance
(P < 0.20).
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Due to the distribution of BCS within each treatment group (Figure 3.2),
separate analyses were conducted to evaluate whether BCS variation within
treatments had significant influence on response variables, and, if so, whether these
effects interacted with treatment. This analysis was done using the General Linear
Model procedure of SAS and was constructed as a covariate analysis in which both
pooled‐slope and individual slope models of BCS were tested after accounting for
treatment effects. The class statement included dietary treatment and the model
included the fixed effect of treatment and BCS at various periods and the interaction
between BCS and treatment was used to test equality of slopes between the two
treatments. When no significant interaction existed, a pooled‐slope model
(containing only treatment and BCS) was used to determine whether BCS variation
within treatment groups had significant effects on response variables.

Thus, a

significant interaction between BCS and treatment is interpreted as meaning that
BCS had a different effect (the regression equations were not similar) on the
variable in question, depending on which treatment the animal was in.
RESULTS AND DISCUSSION
All repeated measures analyses indicated significant (P < 0.0001)
interactions between treatment and period; therefore, these data are presented as
treatment LS means within each period. Data are presented in figures, where
suitable, for easier comparison of relative changes and differences throughout the
experiment. For greater detail, the reader may refer to data tables located in the
appendix.
Body Weight and Condition Score
Cow BCS and BW are shown in Figure 3.1A and 3.1B. Cows in the HI
treatment tended to be heavier 84 d prior to calving and were significantly heavier
at ‐20, ‐7, 20, and 40 d and tended to be heavier at the beginning of the breeding
season (d 84). At the time of weaning, no differences in cow BW were detected.
Cows in the HI treatment lost significantly more BW during the first 20 and 40 d
post‐calving compared to M cows; yet, from d 40 to 84 and 84 to 180 postpartum
BW changes did not differ between treatments.
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Over the first 125 d of the study, cows assigned to gain 2 BCS (HI) gained
more condition (P < 0.0001) than M cows (1.73 vs. 0.63 units, respectively). As
discussed above, these differences were largely achieved over the last 60 d of the
prepartum period. Cows that were fed to accrete more body fat during gestation not
only were fatter at calving (6.67 vs. 5.59; P < 0.0001) but remained fatter from
calving to weaning. The pattern of postpartum BCS change was similar for HI and M
cows, although, as hypothesized, the rate of loss and the percentage of initial
reserves lost postpartum was greater for HI cows.
For both HI and M cows, the greatest BCS loss occurred during the first 40 d
post‐calving but the degree of loss was greater (P =0.001) for H cows (‐15.9 vs. ‐9.6
% of pre‐calving BCS); however, both groups lost additional condition from
breeding to weaning as forage quality and quantity declined. These results are
similar to those published by Hudson et al. (2010) who reported that fall‐calving
cows that were fatter at calving (6.6 vs. 6.0, P < 0.0001) exhibited significantly more
BCS loss from calving to breeding (‐22.2 vs. ‐16.1 % of pre‐calving BCS); however, in
that study, BCS was equalized between both groups by the beginning of the breeding
season. Similarly, Agenas et al. (2003) utilized multiparous dairy cows fed low,
medium, or high levels of metabolizable energy during the 8 wk prior to calving;
cow in H treatment experienced significantly greater BCS loss postpartum.
It is widely accepted that voluntary DMI decreases shortly before parturition
and often lags behind the demands imposed by lactation for several weeks.
Nevertheless, using NRC (2000) calculations, adjusting for cow BW and BCS, cow
breed, d from calving, and estimated milk production (based on breed averages)2,
cows consuming high‐quality orchard grass (estimated 70‐75% TDN) at a modest
intake level of 1.5% of BW would have not been expected to lose condition. In fact,
it was estimated that cows would increase 1 BCS in 98 d. Therefore, it is interesting
that despite adequate provision of dietary energy, HI cows mobilized greater than 1
BCS during the first 40 d postpartum. This observation indicates that either
voluntary DMI was lower than expected, milk production was greater than expected,

2

Peak milk = 17.62 lb, Milk fat = 4%, Milk protein = 3.4%, Solids‐not‐fat = 8.3%.
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or other metabolic changes occured postpartum to alter BCS changes. In order to
decrease BCS by 1 score in 40 d, it is estimated that HI cows were only consuming
around 0.65% DM per unit of BW. It is unlikely that intake dropped from 2.5% pre‐
calving to 0.65% post‐calving, therefore, other factors must be involved.
Increased milk yield and altered composition are known to have negative
effects on BCS (Minick et al., 2001) and are an obvious and likely explanation.
Therefore, estimates of these effects on BCS change were also conducted. Increased
milk yield had a greater effect on BCS change compared to increased milk energy.
Nevertheless, under no scenarios tested did milk production result in BCS loss over
the first 40 d of lactation at DMI of 1.5% of BW per d. However, if DMI was
diminished to 1% of BW per d and milk yield was increased to 25 lb/d, (no changes
from breed standard in composition), it was estimated that a 1 BCS loss would occur
in 83 d. When milk composition was altered, based on maximal levels for Angus
cows (4.5% milk fat, 4% milk protein, and 9% SNF) approximated from a cursory
literature review (Wilson et al., 1969; McMorris and Wilton 1986; Brown et al.,
1993), at DMI of 1% of BW and milk yield of 25 lb/d, it was estimated that HI cows
would have lost 1 BCS in 76 d. In order to account for the BCS loss that was
observed in the current study, cows would have had to produce in excess of 40 lb of
milk per d at the composition given above. Therefore, while decreased DMI and
altered milk production could explain part of the BCS loss observed, other factors
not yet accounted played a near equal role in the observed rate of BCS loss.
It should be noted that the cows in the current study were switched from a
corn silage‐based diet to a forage‐based diet around the time of calving. Switching
ruminants from a diet higher in fermentable starch to a diet higher in fiber implies a
lag in intake and digestibility until ruminal microflora populations, specifically
cellulolytic bacteria, have adjusted to the altered substrate availability. Therefore,
the switch in diet type may partially explain the greater rate of BCS loss observed
for both treatments during the early postpartum period. Admittedly, this impact is
likely less than would be expected if cows were transitioning from a high‐forage to a
high‐concentrate diet, it is nevertheless possible that cellulose digestion was
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depressed initially, thus resulting in decreased passage rate and decreased intake
during the early transition period.
In addition, with respect to the greater rate of loss observed in HI cows, the
gastrointestinal tract and liver would be expected to be larger and more
metabolically active for cows on a high plane of nutrition compared to those on a
lower plane of nutrition. It has been previously shown that level of intake increases
visceral tissue mass and fasting heat production in pigs (Koong et al., 1983) and
ruminants (Johnson et al., 1990; McLeod et al., 2007). Thus, the fatter HI cows could
have had greater energy requirements due to increased plane of nutrition prior to
calving. Houghton and others (1990) evaluated maintenance energy requirements
of beef cows as affected by body composition and nutritional status. They observed
that cows on a higher plane of nutrition had greater maintenance energy
requirements per unit of metabolic size than cows on a low plane of nutrition. It has
been postulated (Klosterman et al., 1968; Reid and Robb, 1971; Thompson et al.,
1983) that increased body fatness decreases maintenance requirements of beef
cows and thus increasing fatness represents one method to decrease feed costs,
specifically during winter. However, in the study by Houghton et al. (1990), fatter
cows lost more body energy (‐18 vs. ‐6.8%, P = 0.01) than moderately conditioned
cows at a given level of energy intake; further investigation indicated that this
difference was due to increased total energy requirements, although thinner cows
had increased maintenance requirements per unit of body energy. Thus, increasing
body fatness prior to expected periods of nutrient deficiency is not a valid approach
to reducing cow energy requirements; when fatter cows are subject to restricted
energy intake relative to requirements they generally experience greater condition
loss compared to moderately‐conditioned or thinner cows. In most experiments to
evaluate this response, cows fed to be fatter were on their respective dietary
treatments up until the time of either calving or dietary change, both events which
reduce nutrient availability relative to requirements. In order to eliminate the
possibility that these observed differences in BCS loss are due primarily to increased
gastrointestinal tract weight and energy use, it would be necessary to place fatter
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cows on a maintenance diet with similar levels of intake (per BW basis) to thinner
cows for some period of time prior to parturition or change to a lower‐energy diet.
The increased, non‐nutritionally or environmentally compromised depletion
of body energy reserves by fatter animals is a common, if not well‐understood,
phenomenon. Friggens et al. (2007) theorized about this innate drive to reduce fat
reserves which occurs irrespective of environmental constraints. One proposed
reason, which has greater merit in wild animals than in domesticated animals, is to
decrease the energetic cost of carrying additional reserves (energy for mechanical
work, decreased mobility, etc.). Further, this reason does not provide an
explanatory mechanism for regulation of body fat content. One theory for the
defended trajectory of body fatness is the lipostatic theory, which asserts that each
animal has a genetic body mass set‐point that, despite intervals during which body
fatness is perturbed (i.e., increased feed allowance with penned animals), once the
conditions are removed the subjects will return to the level prior to the initiation of
perturbation (Speakman et al., 2002). The hormone leptin circulates in proportion
to fatness and has been show to exert hypophagic effects and modulation of nutrient
portioning (Vernon et al., 2001; Hill, 2004) and is one putative mechanism by which
intake and changes in body fat may be regulated by body fatness itself. The
experimental design of the current study makes the lipostatic theory in beef cows
difficult to investigate, because the initial BCS of 5.0 was also the product of
nutritional manipulation. In order to evaluate this concept, it would be necessary to
allow groups of cows free‐choice access to a complete ration for at least one full
production cycle, in order to evaluate the individual patterns of body condition
change and estimate each animal’s genetic set‐point of body fatness. However, the
observations of this study and others are consistent that increased fatness does
result in increased fat mobilization. Clearly, more research is needed to elucidate the
causes and controls of this observation.
Friggens et al. (2004) investigated the prediction of body lipid change during
pregnancy and lactation and concluded that, although environmental constraints
play an important role, the gain of reserves during pregnancy and subsequent
mobilization during lactation is largely genetically driven. However, it has been
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demonstrated that as BCS increased phenotypically at calving, cows experienced
more BCS loss during early lactation (Garnsworthy and Topps, 1982; Treacher et al.,
1986; Garnsworthy and Jones, 1987; Dechow et al., 2002). However, in stark
contrast, cows that are genetically fatter (those cows who accreted significantly
more body fat although fed at similar rate of ME per unit of BW) at calving
experience less BCS change during early lactation. Therefore, when cows are
managed to have increased fat reserves at calving, they are more likely to
experience greater depletion of those reserves post‐calving, relative to either cows
that are thinner at calving or cows that are “naturally” or genetically fatter at
calving.
Although the mean BCS prior to calving differed between treatments, within
treatment BCS varied by 1.58 to 2 BCS units (range: M = 5 to 6.58, HI = 5.7 to 7.7;
Figure 3.2). In addition to the observed differences in postpartum mobilization of
body fat due to nutritional manipulation, the present study also provides evidence
that the timing of the nutritional adjustment to BCS has an influence on postpartum
changes in BCS. HI cows continued to gain condition until 20 d prior to calving,
whereas M cows did not gain additional condition after d ‐84 (P > 0.20). Although,
cows in the HI group were fatter at calving than M cows and lost more condition
after calving, when the relationship between pre‐calving BCS and post‐partum BCS
change was evaluated, a significant interaction between pre‐calving BCS and
treatment was detected.
Figure 3.3 illustrates that the relationship between BCS at calving and
postpartum BCS change differed, depending on nutritional treatment. BCS at calving
for M cows was not related (R2 = 0.0002) to BCS change during the first 20 d
postpartum and, on average, M cows lost 0.2 units of body condition regardless of
initial reserves. In contrast, increased BCS at calving for HI cows explained
approximately 44% of the BCS loss during the first 20 d postpartum, with increased
reserves at calving resulting in increased mobilization of body fat after calving. To
our knowledge, this is the first report to document such an interaction between
effects of body condition score and nutritional treatments which were designed to
alter body condition score.
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It is difficult to separate out the effects of the timing of fat accretion and
feeding level prior to calving. The former may have altered the relationship
between BCS and calving BCS loss within treatment since the majority of the
differences in BCS for M cows was achieved prior to d ‐84 (+0.47 units BCS prior to
d ‐84 and 0.07 units after d ‐84), whereas cows in HI treatment accreted 0.82 units
of BCS from d ‐145 to d 84 and 0.91 units from d ‐84 to ‐20. The differing
relationships between treatments for BCS change could indicate that lipolytic
responsiveness to regulation is altered for cows that are fed to accrete fat up until
the time of calving. This effect could be mediated via alteration in insulin sensitivity.
It is known (Bell and Bauman, 1997) that peripheral tissues become more resistant
to insulin as cows approach parturition to create a metabolic environment
conducive to lipid mobilization. Perhaps when beef cows are fed high energy diets
up until the time of calving insulin sensitivity is either heightened or is prolonged
compared to cows fed for maintenance.
Additionally, differences in BCS change during late gestation may reflect
differences in prepartum DMI levels. Increased DMI by HI cows would be expected
to increase maintenance energy costs due to the concomitant increases in visceral
mass as previously discussed. Another possible explanation for the differing
relationships depicted in Figure 3.3 is that the interaction detected is actually
reflective of the differences in the range of BCS within each treatment. BCS at
calving for M cows ranged from 5.0 to 6.58, whereas HI cows ranged from 5.7 to 7.7.
Only 3 cows in the M treatment had a pre‐calving BCS of greater than 6.0 compared
to 18 of 20 in the HI treatment. The lack of association with BCS at calving and BCS
change for M cows may simply be due to the lack of fatter cows (defined as BCS >
6.5) in that treatment, rather than intake level of timing of fat accretion. This would,
in essence, indicate a threshold effect, in which postpartum BCS loss is affected by
BCS at calving, but only when BCS is greater than 6.5. In fact, after accounting for
the effects of treatment, BCS at calving across treatments is significantly related (P <
0.01) to BCS change through d 20 and is described by the following equation
(R2=0.41):
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BCS Change = ‐0.2792(BCS at calving) + 1.2685
This relationship is nearly unchanged from that observed for the HI cows
only, which gives weight to the theory that a minimum BCS level must be achieved
before postpartum BCS loss is affected.
Because the average rate of BCS loss was greater with the HI cows, the
relationships between calving BCS and BCS at d 20 differed between groups (Figure
3.4). As expected, within treatment groups, increased BCS at calving was directly
correlated with increased BCS at d20. However, this relationship was stronger for
M cows, who retained a greater amount of reserves at d 20 for each increase in BCS
at calving compared to HI cows. For example, as BCS increased from 6 to 7 prior to
calving, the percentage of BC retained at d 20 dropped from 95% to 89.5% for HI
cows, compared to 96.5 and 97.1% for M cows. More drastically, at BCS 8 prior to
calving HI cows retained only 85.3% of BC vs. 97.6% for M cows.
No other interactions between BCS at calving and nutritional treatment for
postpartum BCS or BCS change were detected. After taking into consideration the
effects of treatment, pre‐calving BCS was significantly related to BCS at 40, 84, and
180 d postpartum; but, the strength of relationship diminished over time (Table
3.3). For all cows, regardless of treatment, as BCS prior to calving increased, BCS at
d 40, 80, and 180 was also increased, but again the incremental change was smaller
with increasing BCS, dropping from around 90% condition retained when pre‐
calving BCS = 5 to around 82% when condition at calving equaled BCS 7.
Pre‐calving BCS (after accounting for effects of treatment) was not associated
with the interval changes in BCS beyond d 20 (Table 3.3); however, pre‐calving BCS
differences beyond those associated with treatment were associated with the
change in BCS from calving to d 84 (R2= 0.52) and from calving to weaning (R2 =
0.38). Both relationships demonstrate that increased reserves at calving result in
increased mobilization of reserves post‐calving.
Blood Metabolites
Concentrations of NEFA, glucose, and BHB are presented in Figure 3.5. As
expected, due to similar feeding conditions and BCS, concentrations of the
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metabolites did not differ at the beginning of the study. After accounting for the
effects of treatment, there were no significant relationships detected between pre‐
calving BCS and postpartum concentrations of metabolites (Data not shown; P >
0.14).
Non‐Esterified Fatty Acids. Concentrations of NEFA were slightly greater for
M cows at d ‐84 (0.56 vs. 0.38 mmol/l; Figure 3.5A). This may be due to the
relatively longer fast incurred by the M cows. Although access to feed and water
was restricted for both treatments approximately 16 hr prior to blood collection, M
cows routinely had emptied their bunks of available feed by 1000 hr, thus resulting
in a 22‐23 hr fast. McGuire and others (1995) showed that NEFA concentrations
increased steadily after mid‐lactation Holstein cows were denied access to feed.
Levels of NEFA increased (P = 0.02) for both treatments as cows approached
parturition; however, HI cows experienced a greater increase during the first 20 d
after calving (+0.59 vs. 0.29 mmol/l) and tended to have greater concentrations at
that time compared to M cows (1.41 vs. 1.16 mmol/l; P = 0.08), which fits with the
differences in BCS loss during that period. From d 40 to 84, concentrations of NEFA
significantly declined for cows in both the HI and M treatment. Cows in the HI
treatment experienced greater mobilization of body fat from calving to d 40 and
mobilization of body fat has been shown to be related to increased NEFA
concentrations in cows (McCann and Hansel, 1986). When body fat is mobilized, the
glycerol is released from the adipocyte (ruminants lack glycerol kinase) and can be
utilized for gluconeogenesis. The NEFAs can be reesterified in the adipocyte, in
cases in which sufficient glucose or carbon skeletons are available for glycerol
production and reesterification; however, when animals are in NEB, greater
concentrations of NEFA are released into the bloodstream (Lucy et al., 1991).
Similarly, Ciccioli et al. (2003) reported that NEFA levels were significantly
greater for heifers fed a higher energy diet at 1, 2, and 3 wk after the end of the
feeding period compared to those fed to lower energy diet, increasing nearly two‐
fold compared to no change. Likewise, Lake and others (2006) reported that NEFA
concentrations tended to be greater during early lactation for cows fed to attain BCS
6 vs. 4 at calving.
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A significant interaction between treatment and BCS at d ‐7 for NEFA
concentrations at d 40 was detected (Figure 3.6). For cows in the M treatment, BCS
prior to calving was not related to NEFA levels at d 40 (R2 = 0.099). In contrast,
increased pre‐calving reserves of HI cows were associated with decreased NEFA
concentrations at d 40. This relationship is somewhat unexpected, as HI cows
experienced greater BCS loss from calving to d 40 and increased reserves at calving
were associated with greater BCS loss through d 20. Greater BCS mobilization is
generally associated with increased NEFA release, thus these results indicate either
greater reesterification or greater uptake of NEFA, potentially by the mammary
gland for synthesis of milk fat.
Beta‐hydroxybutyrate. In contrast to non‐ruminants, ruminant animals
produce large quantities of ketone bodies from the alimentary tract (Heitmann et al.,
1987). Therefore, increased feeding level is related to increased ketone release into
the portal vein. However, ketone body concentrations also reflect energy balance.
The primary regulator of ketogenesis is acetyl‐CoA availability. In order to enter the
TCA cycle, acetyl‐CoA must condense with oxaloacetate. If there are insufficient
quantities of OAA or other TCA intermediate, acetyl‐CoA builds ups. This is often
the case for cows in severe NEB. Acetyl‐CoA is utilized for hepatic ketogenesis – the
production of ketone bodies, of which BHB is the primary one. Therefore, BHB
levels indicate the rate of ketone production and are directly related to the rate of
lipid mobilization and severity of NEB. As mentioned previously, M cows
experienced a longer fast prior to blood collection due to limited feed availability.
Consequently, increased mobilization of body fat would be expected, with reduced
quantities of glucogenic precursors, thus leading to increased BHB levels.
Concentrations of BHB (Figure 3.5B) were also greater for M cows 20 d prior to
calving (0.35 vs. 0.23 mmol/L; P < 0.001), but did not differ at 7 d prior to calving or
at any period after calving. For both treatments, BHB concentrations increased
steadily during gestation; however, the change in BHB concentrations significantly
(P = 0.003) increased from pre‐calving to d 20 and d 20 to 40 for HI cows, whereas
concentrations were unchanged in M cows during these periods (P = 0.49). Again,
these periods correspond to those in which BCS loss for HI cows was greater than
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that observed for M cows and thus the increase in BHB is a reflection of the greater
NEB experienced by those cows during that period. For both HI and M cows, BHB
concentrations significantly decreased from d 40 to 84, matching changes in BCS
during that period.
Glucose. Concentrations of glucose (Figure 3.5C) tended to be higher for HI
cows during the feeding period, but did not differ at d ‐20. Glucose levels remained
steady for M cows as they approached parturition, but significantly increased for H
cows from d ‐20 to ‐7. At 7 d prior to calving, glucose concentrations were
significantly greater for HI cows than M cows (4.71 vs. 4.04 mmol/l). During the
first period after calving, glucose concentrations increased significantly for M cows
but were unchanged for HI cows; moreover, from d 20 to 40 glucose did not change
for HI cows but dropped significantly for M cows. Lake et al. (2006) evaluated the
effects of BCS 4 or 6 at calving on blood metabolites during early lactation and
reported no differences in glucose concentrations. In the current study, no other
treatment differences for glucose concentrations or changes were observed after d
40. However, body fat reserves at d 84, as measured by BCS, was positively
associated with plasma glucose concentrations at the same time (R2 = 0.30; P =
0.002).
Clearly, EB and fat reserves interact to alter the metabolic profile of cows. If
animals have sufficient fat reserves to mobilize during periods of energy deficit,
concentrations of NEFA and BHB will rise concomitantly and these increases are
more pronounced in animals with greater initial reserves. For cows that are thin
(BCS ≤ 4), the dearth of adipose tissue results in increased NEFA concentrations
initially, but as this tissue is depleted, NEFA levels fall to much lower levels (Bossi et
al., 1999).
Neither the mechanisms by which energy status is sensed by the
hypothalamic‐gonadal axis, nor the means by which energy status exerts an effect
on reproduction and animal performance is well understood. However, examining
how feeding level and/or increased fat reserves at calving interacts with and alters
the postpartum metabolic environment provides additional insight into possible
indicators that could be used to predict animal performance. Although it is not well
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understood how each of the metabolites associated with energy metabolism are
involved in the reproductive axis (Hess et al., 2005), it is known that these
metabolites do mediate the effects of nutrition on the hypothalamic‐pituitary‐
ovarian axis (Bossis et al., 1999).
Reproduction
Prepartum nutritional treatment did not affect the length of the PPI,
conception date, d from calving to conception, or percent pregnant (Table 3.4).
Furthermore, there were neither significant relationships between BCS at calving
nor significant interactions between nutritional treatment and BCS at calving for the
reproductive parameters measured. The short PPI observed in the current study is
congruent with those reported for cows calving at BCS ≥ 6 (Whitman, 1975;
Houghton et al., 1990).
Calf Performance
Calf performance data, as affected by maternal gestational treatment, are
presented in Table 3.5. Birth date, birth weight, and BW at d 20 were unaffected by
treatment. However, calf BW at d 40 and 84 was 4.9 and 9.7 kg greater for HI calves
vs. M cows, respectively. Calf BW at weaning did not differ between treatments.
Despite treatment differences for calf weight at d 40, the relationships
between cow BCS, BCS change, metabolites and calf performance differed by
treatment in somewhat unexpected ways. Treatment and BCS at d ‐7 and 20
interacted to influence calf BW at d 40 and 20, respectively. In both cases, the r‐
square for HI cows was less than 1%; in contrast, BCS of M cows accounted for 34 to
41% of the variation in calf BW. Increased BCS of M cows at d 20 was associated
with increased calf BW at d 20 (Figure 3.7) and increased BCS at calving was
associated with greater calf BW at d 40 (Figure 3.8). Again, the representation of
BCS within each treatment around the point at which there appears to be a
threshold‐like response makes this analysis difficult to interpret. Because progeny
of HI cows were in fact heavier than M progeny at d 40, one cannot discount the
effects of the greater BCS of the HI cows. However, it appears that these
relationships may indicate another threshold response, this one occurring at a level
more commensurate with the M treatment. There may be a “point of diminishing
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returns” that occurs when cows achieve a certain level of fat reserves; this appears
to be around BCS 5.75‐6. It has been previously demonstrated that BCS at
parturition above moderate levels (generally defined as BCS 5‐5.5) does not
influence pre‐weaning or 205‐d adjusted weaning weights (Doornbos et al., 1984;
Spitzer et al., 1995; DeRouen et al., 1994; Ciccioli et al., 2003); in contrast, calves
suckling cows in thin condition at birth or cows that became thin postpartum, were
lighter at 105 d (Houghton et al., 1990) and at weaning (Corah et al., 1975) than
calves suckling cows in moderate condition. It is possible that in the current study,
due to genetic differences, the threshold for response for increased performance
was slightly higher than has been reported previously. Another putative
explanation is that the greater BW of HI calves was not in fact associated with
greater BCS but was associated with the increased prepartum feeding level, as
nutrient availability before and during lactation has been show to affect the quantity
of milk produced (Wiltbank et al., 1962; Totusek et al., 1973) and thus positively
influence calf performance.
A significant interaction between BCS change from d 20 to 40 and treatment
was detected for calf BW at d 40 (Figure 3.9). Mobilization of energy reserves was
more strongly associated with greater calf BW at d 40 for M cows, whereas BCS loss
in HI cows only explained 11% of the variation in calf BW at d 40. Although this
relationship looks at BCS change, it cannot be ignored that the BCS starting point for
each treatment differed. At d 20, HI cows had a BCS of 6.07 compared to 5.34 for M
cows. The average change in BCS from d 20 to 40 was ‐0.33 for M cows and ‐0.48 for
HI cows. Therefore, this relationship may reflect a similar threshold as was
indicated by pre‐calving BCS and calf BW. Additionally, the overall pattern of BCS
change for each treatment should be considered. Of the total BC lost through d 40
postpartum, M cows mobilized a greater percentage from d 20 to 40 compared to HI
cows.
As previously discussed, not only was BCS altered by treatment, so were
concentrations and changes of metabolites. Thus, the effects of cow metabolite
concentrations and calf performance were analyzed. There were no signific‐ant
interactions between treatment and plasma metabolites for calf performance;
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however, when data was pooled across treatments significant negative relationships
were detected between pre‐calving concentrations of BHB and NEFA and calf BW at
d 20 (Figure 3.10). For both metabolites, increased levels at calving were associated
with decreased calf BW at d 20. Since both metabolites can be utilized by the
mammary gland for either energy (BHB) or milk fat synthesis (NEFA), one would
expect increased concentrations to be related to increased calf performance.
However, the timing of this relationship must be considered. Increased levels of
these metabolites at calving are indicative of cows experiencing greater NEB and
may indicate that these cows had decreased milk production during the early
postpartum period compared to cows that experienced greater changes in EB after
calving.
Conclusions
In conclusion, for mature cows, cows fed to accrete greater levels of BCS at
calving due to nutritional manipulation exhibited greater mobilization of body fat
after calving. Although fatter cows were shown to have greater mobilization of
reserves during the postpartum period, they maintained greater BCS at all points
from calving to weaning compared to cows calving with fewer reserves at calving
and no differences were observed for reproductive performance. Although weaning
weights did not differ, cows on a high plane of nutrition prior to calving had heavier
calves at 40 and 84 d of age, which has implications for producers electing for early‐
weaning management strategies. Further, calf BW differences appear to be greater
when cows are gaining condition to around BCS 5.75; thereafter the calf BW
“return” diminishes with incremental increase in BCS. These results indicate that
producers that employ early weaning may benefit from allowing cows to achieve
BCS 5.75 to 6.0 prior to calving. Perhaps the most unique finding of this study was
that variation in body condition score at calving was positively associated with rate
of BCS loss in cows fed to accrete body condition during the prepartum period, and
unassociated with rate of postpartum BCS loss in cows that had been fed at
maintenance levels during gestation. This novel finding may suggest a threshold
response, in which the relationship between postpartum BCS loss and BCS at calving
exists only above BCS levels of 6.5 or greater. However, further investigation is
54

required to determine if the lipolytic regulation and responsiveness during the early
postpartum period is altered when cows are fed a high energy diet to increase BCS
prior to calving.

55

1

56

2

57

3

58

4

59

5

60

6

61

7

62

8

63

9

64

10
0

65

Table 3.1. Characteristics of selected variables (mean ± SD) by treatment group at
the initiation of the experiment (April 9, 2009)a.
Shrunk BW,
Expected
Frame
Treatment
Cow age, yr calving date
scoreb
kg
BCS
High
7 ± 2.4
9/9 ± 10 d
6.1 ± 0.58
616 ± 99
5.02 ± 0.14
Moderate
7 ± 2.3
9/9 ± 9 d
6.1 ± 0.74
612 ± 119
5.02 ± 0.15
a n = 20 cows per treatment group
b Frame score calculated according to Beef Improvement Federation Guidelines.
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Table 3.2. Ingredient and nutrient composition (DM basis) of mixed diet fed to HI
and M cows.
Ingredient
%
Corn silage
80.7
Corn grain, cracked
17.4
Urea
1.0
a
Trace mineralized salt
0.5
Limestone
0.4
DM, %
57.5
TDN, %
73.6
NEm, Mcal/kg
1.74
NEg, Mcal/kg
1.12
CP, %
10.8
aTrace‐mineralized salt contained 94.0% NaCl, 5500 ppm Zn, 4790 ppm Mn, 1835
ppm Cu, 115 ppm I, 18 ppm Se, and 65 ppm Co.
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Table 3.3. Relationship between pre‐calving BCS and postpartum cow BCS and BCS
change of multiparous beef cows.
Item
R2
P‐value
Body Condition Score
20 d postpartum
Pre‐calving BCS x TRT, P = 0.02
40 d postpartum
0.68
< 0.0001d
a
0.62
< 0.0001e
84 d postpartum
180 d postpartumb
0.45
0.004f
Body Condition Score Changec
20 d Change
Pre‐calving BCS x TRT, P = 0.02
40 d Change
0.07
0.55
84 d Change
0.07
0.14
180 d Change
0.004
0.96
Change, d ‐7 to 84
Change, d ‐7 to 180
a Beginning of the breeding season.
b Weaning.
c Time frame listed is days relative to calving.
d Intercept 1.158 ± 0.669; Slope estimate 0.665 ± 0.997
e Intercept 1.782 ± 0.710; Slope estimate 0.5697 ± 0.106
f Intercept 1.463 ± 0.971; Slope estimate 0.5748 ± 0.145
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Table 3.4. Effects of nutritional treatment on reproductive performance of
multiparous beef cows.
Treatmenta
HI
M
SEMb
P‐valuec
d
PPI
30.7
32.9
2.2
0.45
Pregnant, %
85.0
93.3
8.4
0.46
Conception datee
361.7
353.7
7.5
0.43
D, calving to conception
110
104
4.7
0.34
a Treatments: High level of intake to achieve BCS 7 at calving (HI) and moderate
intake to maintain BCS 5 until calving (M)
b Most conservative SEM.
c Probability values for nutritional treatment.
d Postpartum interval; d to first detection of luteal activity.
e Julian date. As determined by ultrasonography at time of pregnancy detection 90 d
after beginning of breeding season.
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Table 3.5. Effects of nutritional treatment on post‐natal calf performance.
Treatmenta
HI
M
SEMb
P‐valuec
Birth date, Julian
242
245
2.3
0.41
Birth weightd
41.3
40.7
1.0
0.63
d 20 BW
61.8
58.9
2.1
0.12
d 40 BW
81.9
77.0
2.4
0.05
d 84 BW
136.5
126.8
4.4
< 0.05
Weaning BW
211.4
202.8
9.3
0.37
a Treatments: High level of intake to achieve BCS 7 at calving (HI) and moderate
intake to maintain BCS 5 until calving (M)
b Most conservative SEM.
c Probability values for effects of nutritional treatment.
d All BW measurements are kg.

Copyright © Melissa D. Hudson 2011
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CHAPTER 4. THE EFFECTS OF NUTRIONALLY MODULATED PREPARTUM BCS
ON IN VITRO LIPID METABOLISM OF MULTIPAROUS BEEF COWS
INTRODUCTION
The amount of energy reserves at calving has long been implicated in
influencing post‐partum performance of beef cows. Taking advantage of the cow’s
ability to increase body tissues as a mechanism of nutrient storage, resulting in the
fluctuation of body weight (and thus fatness) of beef cows, is regarded as a potential
means of improving economic efficiency of beef production (Freetly et al., 2002,
2005). Because of the difficulty of accumulating energy reserves during lactation, it
is generally recommended to provide sufficient dietary energy during gestation to
allow for the accretion of body reserves prior to calving. Although this approach is
commonly practiced, the effects of over‐conditioning during late gestation are not
well understood in beef cows.
As the primary energy storage form in the body, adipose tissue (AT) is
involved greatly in the flux of nutrients within the body. This tissue is very dynamic,
changing in mass and activity to accommodate changes in animal physiology and
energy status. Broster and Broster (1998) demonstrated that for dairy cows, rate of
post‐partum BCS loss increased as BCS at calving increased. This indicates that
body fat influences fat mobilization and may affect lipolytic response. The
mobilization of AT reserves occurs for many reasons and does not always indicate
nutritional constraints (Garnsworthy and Topps, 1982; Friggens et al., 2004;
Garnsworthy et al., 2008). As cows approach parturition, metabolic and endocrine
changes occur at the tissue level and at the whole‐animal level, to prepare the
animal for birth, lactation, and the rearing of offspring (Bauman and Currie, 1980).
These tissues undergo adaptations earlier in pregnancy to accommodate the
requirements of the conceptus, however, as parturition nears, these adaptations
become more pronounced. These homeorhetic mechanisms have been shown to
interact with BCS in dairy cows and affect post‐partum health, productivity, and
reproduction.
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To date, much of the research involving the perturbation of beef cow BW and
BCS, in order to elucidate differences in metabolism, endocrinological function, and
performance has examined moderate (mean BCS 5 to 5.5) versus lean (mean BCS 3
to 4) cows. Experiments designed to determine differences in fat as compared with
moderate or lean cows have dealt primarily with dairy cows, with a particular
emphasis on the post‐partum incidence of hepatic lipidosis. Because of generations
of selection pressure, dairy cows, on average, have a much lower proportion of body
fat than beef cows. Further, due to the significant differences in the magnitude of
metabolic and production demands in beef and dairy cows, it is likely that the
“regulatory axis“ between energy balance, lipid metabolism, and reproduction
functions differently between these breed types. Therefore, this study was designed
to evaluate the effect of BCS at calving on in vitro lipolysis and metabolism of beef
cows.
MATERIALS AND METHODS
This experiment was conducted at the University of Kentucky Animal
Research Center Beef Unit located in Woodford County, Kentucky. All experimental
procedures utilized in this study were approved by the University of Kentucky
Institutional Animal Care and Use Committee.
Animals and Treatments
Cows were managed as previously described (Chapter 3). Briefly,
predominantly Angus, fall‐calving multiparous cows (≥ 3 yrs of age, n=40) from the
University of Kentucky beef herd were nutritionally managed to achieve BCS 5 or 7
(Wagner et al., 1988) at the time of calving. Beginning in April, 2009 (130 d before
expected parturition), cows were placed into group pens (n = 4/pen, 5
pens/treatment) and were fed a common diet (Table 4.1) once daily with continual
access to fresh water. The diet was balanced to meet NRC (2000) requirements and
fed based on the average body weight of each pen. Fasted (16‐hr withdrawal from
feed and water) BW and BCS were measured at 14‐d intervals and used to make
adjustments to feed allowance to ensure target levels were maintained. The
common diet was fed at one of two levels: 1) to maintain BCS 5 throughout the study
by allowing moderate intake (M) and 2) to achieve BCS 7 by time of calving by
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allowing ad libitum access to feed (HI), n=20 per treatment. Average energy intake
for M cows and H cows, during gestation, was 0.94 x NEM and 2.3 x NEM,
respectively. At the beginning of the study, 8 cows per treatment were randomly
selected for evaluation of in vitro lipid metabolism.
The subset of cows used for evaluation of lipid metabolism remained in
group pens, by treatment until approximately 10 d after calving. Calf gender and
weight were recorded within 48 h of birth and post‐calving biopsies were conducted
at 7 d post‐calving (see next section for more details). Following the post‐calving
biopsies, cows were observed for inflammation and infection for 3 d and then were
removed from their pens and placed with the herd, grazing a common 6.07 ha
pasture with abundant orchardgrass forage and free‐choice access to a salt/mineral
mixture3. Cows and calves grazed as one contemporary group from calving until
weaning.
Sampling Procedures
Adipose tissue biopsies. Pre‐calving biopsies of subcutaneous AT were
conducted in early July (75 d prior to expected calving date, 68 d prior to actual
calving date) and approximately 7 d before each cow’s expected calving date. Post‐
calving biopsies were conducted approximately 7 d after calving. In the morning, on
each biopsy day, eligible cows were moved from their pens to the handling facilities.
There, each cow was brought into the facility individually and restrained in a
squeeze chute. The biopsy area (the dorsal area immediately cranial and lateral to
the first lumbar vertebra) was clipped free of hair and cleansed 2 times with a
surgical scrub and rinsed with sterile water. The area was anesthetized by injecting
licodaine HCl (2%) into 6 locations (2‐5 ml each) surrounding the incision site. The
area was sprayed with 70% alcohol and wiped down with sterile gauze. Next, an
incision approximately 10 cm long was made and approximately 10 g of adipose
tissue removed. For in vitro incubations, about 2 g of tissue was placed into
oxygenated Krebs‐Henseleit (Baldwin et al., 2007) buffer (pH 7.4) and placed in a
thermos to maintain 37°C. The remaining tissue was placed into an aluminum,
3

Mineral mixture contained 19% NaCl, 14.2% Ca, 6.4% P, 3.2% Mg, 0.9% K, 1450 ppm Cu, 2251 ppm Mn,
2381 Zn, 30 ppm Se, 48 ppm I, 17.3 ppm Co, 683,400 IU/kg Vit A., and 275 IU/kg Vit E.
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moisture‐resistant bag and snap frozen in liquid nitrogen. The incision site was
closed using 35‐mm wide stainless steel surgical staples, treated with topical
antibiotic ointment and sprayed with Alu‐Spray (Neogen, Lexington, KY). All cows
received intramuscular injections of penicillin to prevent infection and banamine
(flunixin meglumine) for the alleviation of post‐operative inflammation and pain.
Blood sampling. Blood samples were collected immediately prior to
conducting AT biopsies. Samples were taken via jugular venipuncture into
evacuated tubes containing sodium heparin as anticoagulant (BD Vacutainer,
Franklin Lakes, NJ). Harvested plasma was stored at ‐20°C until further analysis.
Enzymatic colorimetric determinations were used for glucose by measuring the
end‐products of glucose oxidation (4‐hydroxy benzoic acid and 4‐
aminoantipyrine)(Infinity, ThermoScientific, Waltham, MA), NEFA (measurement of
the copper salts of fatty acids complexed with dye) (Wako Pure Chemical Industries
Ltd., Richmond, VA), and BHB (measurements of NADH) (Sigma Diagnositics, St.
Louis, MO). The method for determination of NEFA was modified as described by
Eisemann et al. (1988).
Incubation of Adipose Tissue
Immediately following removal, the adipose tissue was transported to the
laboratory where samples were placed on a dissecting table maintained at 37°C
under an atmosphere of O2:CO2 (95:5) and connective and vascular tissue was
excised away. The tissue was sliced into 6 single portions of 80‐100 mg and placed
into 25‐ml Erlenmeyer flasks containing 2 ml of basal incubation media. The basal
media was comprised of a Krebs salts solution supplemented with 0.25 M BSA and 0.25
mM HEPES containing 10mM acetate and 5 mM glucose. Each flask was gassed for 30
sec with O2:CO2 (95:5), capped, and placed into a 37°C shaking water bath (80
oscillations/ min) for 20 min. After this initial incubation, media was aspirated from
the flask and discarded. Two milliliters of either basal media (n=3 aliquots) or basal
media containing lipolytic stimulants (n=3 aliquots) was placed into the flasks. The
lipolytic stimulating media was comprised of basal media plus 1 µM norepinephrine,
1 µM epinephrine, 1mM theophyline, and 1 unit of adenosine deaminase (Sigma
Chemical Co.). Flasks were gassed for 30 sec, recapped, and placed back into the
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shaking water bath for 120 min. At the end of the incubation period, the flasks were
removed from the bath and placed into ice water to stop all metabolic reactions.
Media was aspirated from each flask and placed in two 1‐ml microcentrifuge tubes
and frozen at ‐80°C until further analysis. Media was analyzed for concentration of
NEFA (as previously described for plasma (Wako Pure Chemical Industries Ltd.,
Richmond, VA)) and glycerol using commercially available enzymatic tests. Free
glycerol was measured using a commercial kit (Sigma Diagnostics, St. Louis, MO)
that used a coupled enzyme reaction that produced quinoneimine dye.
Statistical Analyses
Concentrations of NEFA and glucose were expressed as nanomoles produced
per mg of wet tissue weight incubated during the 120‐min incubation period. NEFA
to glycerol ratios were calculated by dividing basal NEFA by basal glycerol and
dividing maximal NEFA by maximal glycerol release data. Concentrations of plasma
NEFA, glucose, and BHB were expressed as mmol/L. NEFA and glycerol data, BCS,
and blood metabolite data were analyzed as repeated measures in a completely
randomized design with cow nested within treatment using the Mixed Model
procedure of SAS (SAS Inst. Inc., Cary, NC). The model included dietary treatment,
period, and the interaction of treatment x period as fixed effects. Period was
identified as a repeated measure within subject, which was defined as cow nested
within treatment. The denominator degrees of freedom were adjusted using the
Kenward‐Roger method (Littell et al., 1998) and the autoregressive covariance
structure was used (Wolfinger, 1996). Means from replicate flasks were reported
for each animal and all data presented are least squares means.
Regression analyses were performed to investigate the potential interaction
between BCS and treatment using the General Linear Model procedure of SAS. The
class statement included dietary treatment and the model included the fixed effects
of treatment and pre‐calving BCS, post‐calving BCS, or the change in BCS. The model
statement also included the term for interaction between BCS and treatment. These
terms were evaluated by using type 3 sum of squares. When no interaction was
detected, regression analyses were conducted evaluating only BCS after accounting
for the effects of treatment.
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RESULTS AND DISCUSSION
No treatment x period interactions were detected for basal or maximal
glycerol release, maximal NEFA release, the basal and maximal ratios of NEFA to
glycerol, or plasma concentrations of BHB and glucose. Therefore, the main effects
of treatment and period are presented for these parameters in Table 4.2. There was
a significant treatment x period interaction for BCS (Figure 4.1) and plasma NEFA
concentrations (Figure 4.5), as well as a tendency (P = 0.10) for a treatment x period
interaction for the basal release rate of NEFA (Figure 4.2).
Body Condition Score
By design, cows were differentially fed to attain divergent levels of body fat
at calving. All cows averaged BCS 5 at the initiation of the study (data not shown).
Approximately 65 d into the feeding period (‐68 d relative to calving) cow BCS did
not differ between treatments; however, by d ‐7 (relative to calving) HI cows were
significantly fatter than M cows (6.56 vs. 5.61) and remained fatter throughout the
post‐partum period (Figure 4.1). The difference between pre‐calving BCS in this
subset was slightly less than in the entire group (6.67 vs. 5.59). Despite having
greater energy reserves than M cows throughout, HI cows also tended (P = 0.07) to
lose more condition (‐0.62 vs. ‐0.24 units) than M cows during the period from ‐7 to
7 d (‐9. 5 vs. ‐4.3% of d ‐7 reserves). Both groups experienced their greatest BCS
loss from pre‐calving until d 41 (early to mid‐October) although peak lactation of
Angus cows is not estimated to occur until wk 10 (Jenkins and Farrell, 1992. This
observation fits the forage yield expected of orchardgrass, which occurs from late‐
September to mid‐November. Thus increased forage availability may explain why
cows reached their nadir NEB prior to peak lactation, as evidenced by the slower
rate of BCS loss after d 40. From ‐7 to 68 d, total BCS loss (‐0.97 vs. ‐0.70 units) or
percent loss (‐14.8 vs. ‐12.5%) did not differ between HI and M cows (P = 0.22 and
0.56, respectively). In contrast, the results for all cows (see chapter 3 for full
analysis) indicate greater BCS loss (‐1.09 vs. ‐0.58) and percent loss (‐16 vs. ‐10% of
pre‐calving BCS) from pre‐calving to d 84 postpartum.
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Lipolysis
Lipid mobilization rates were estimated using in vitro incubations of tissue
slices. The strength of the lipolytic signal combined with the lipolytic capacity (cell
size, enzyme expression and activity) of the AT depot contribute to the quantity of
NEFA mobilized (Jaster and Wegner, 1981) and the response of AT to adrenergic
stimulants is reflective of both the receptor number and the sensitivity of the tissue.
Previous research (McNamara, 1995; Chilliard et al., 2000) has demonstrated that
lipolytic capacity is more sensitive to alterations in the physiological state of the
animal compared to nutritional alterations. Less work has been conducted to
determine the effects of nutritional manipulated BCS on in vitro lipolysis of adipose
tissue of beef cows. Therefore, both the in vitro basal and adrenergically‐stimulated
release rates of glycerol and NEFA were evaluated as measurements of actual and
maximal lipolytic capacity of the tissue.
Due to a lack of glycerol kinase in the adipocytes of ruminants, glycerol is
readily transported out of the cell and thus cannot be utilized for reesterification
(Chilliard, 1993). Thus, the release of glycerol is an indication of total lipolysis,
whereas NEFA release is an estimate of net lipolysis and accounts for in situ
reesterification. The ratio between NEFA and glycerol is thus used to estimate
reesterification rates.
Glycerol. The lipolytic rate, as measured by the non‐stimulated basal rate of
glycerol release from subcutaneous AT and expressed on a per unit of tissue weight,
did not differ (P > 0.59) between HI and M cows or between periods. Similarly,
McNamara and Hillers (1986) reported that for primiparous dairy heifers, the basal
glycerol release rate was not affected by energy intake during early lactation,
although all heifers exhibited increased basal glycerol release post‐calving.
Contrary to these findings, Rukkwamsuk et al. (1998) reported that basal glycerol
release rate of perianal adipose tissue was affected by late‐gestation level of intake;
basal glycerol release was lower for overfed (OF) dairy cows vs. restricted‐fed (RF)
cows 1 wk prior to calving and at 0.5 wk after calving. In that study, the basal
glycerol release rate declined for both groups after calving and was similar between
treatments at 1 wk post‐calving. In humans, it has been demonstrated that basal
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glycerol release did not differ between non‐obese and obese humans when
expressed per g of lipid, but was greater for obese subjects when expressed on a per
adipocyte basis (Large et al., 1999).
Evaluation of in vitro lipolysis is frequently conducted utilizing tissue slices
of equal weight. Adipocytes of obese subjects are generally larger and heavier than
those taken from leaner subjects, thus, slices of equal weight will represent fewer
adipocytes of fat animals. It the subject of some debate, as to whether lipolytic and
stimulated lipolytic rates should be expressed on a per g of tissue or per cell basis.
When evaluating tissues of different depot‐origin, correcting for adipose size is
necessary for comparison, as reported by Eguinoa and others (2003). However,
other groups have argued that it is more appropriate to evaluate these rates on a
per g of lipid basis (Arner, 1996; Large et al., 1999). Further, lipolytic capacity can
be evaluated as a function of basal lipolysis (ratio of maximal to basal), which is
independent of cell number and size as the ratio is the same whether expressed on a
per g or a per cell basis.
Concomitant with decreased lipolytic capacity in obese subjects, Large et al.
(1999) demonstrated that both expression and function of hormone sensitive lipase
was impaired when evaluated on a per g lipid basis. In the current study, stimulated
glycerol release was unaffected (P = 0.37) by treatment, but as cows approached
parturition glycerol release increased and reached its highest level measured at 7 d
after calving (Table 4.2). Similarly, McNamara and Hillers (1986) reported that
adrenergically‐stimulated glycerol release, after accounting for free fatty acid pool
size, was greater after calving and continued to increase throughout lactation;
however, heifers fed a low energy diet exhibited greater potential lipolytic capacity
at d 15 and 60 postpartum (rates were equal at d 30) compared to heifers receiving
a high energy diet.
When evaluated as a ratio of stimulated glycerol release to basal glycerol
release there was a significant (P = 0.03) treatment x period interaction. Stimulated
lipolysis rate (Figure 4.2) was not different for HI and M cows at d 68 or 7. Tissue
from cows in the HI treatment exhibited no change in ratio of maximal to basal from
d ‐68 to ‐7 but had stimulated glycerol release that was 2.16 times greater than the
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basal rate (P < 0.001) after calving. In contrast, stimulated lipolysis increased from
1.15 to 2.07 times greater from ‐68 to ‐7 d for M cows and remained elevated at d 7.
The physiological stimuli associated with homeorhetic adaptations preceding
parturition and initiation of lactation increase the lipolytic sensitivity of adipose
tissue (Bauman and Currie, 1980); hence, these data indicate that fat cows are less
responsive to these stimuli before calving but recover lipolytic capacity after
calving.
NEFA. The effects of treatment and period tended (P = 0.10) to interact for
basal in vitro release rate of NEFA (Figure 4.3) and there were no significant main
effects (P = 0.56, Table 4.2). Basal release rate of NEFA, which indicates net lipolytic
rate and considers reesterification, increased significantly as HI cows approached
parturition but declined after calving. The net lipolytic rate was significantly greater
for HI cows compared to M cows at d ‐7. Net lipolytic rates were similar for M cows
at d ‐68, ‐7 and 7 d and rates did not differ between treatments at d ‐68 or 7. These
results, in conjunction with the lack of differences observed for glycerol release
indicate that HI cows had decreased in situ reesterification, although the ratio of
NEFA to glycerol was not different between treatments or periods (Table 4.2).
There was no interaction between treatment and period for the stimulated
release of NEFA, which is an indicator of net lipolytic potential and accounts for the
rate of in situ reesterification. Further, stimulated NEFA release was not affected by
treatment. The release rates did not differ at ‐68 or ‐7 d pre‐calving, but were
elevated 7 d after calving (P < 0.0001); in addition, stimulated NEFA release rates
tended to be greater for M cows across periods (Table 4.2). When the ratio of
stimulated NEFA release to basal NEFA release was examined (Figure 4.4), the same
pattern is observed that was evident for glycerol. Cows in the HI treatment appear
to “lag” behind those in M treatment with respect to sensitivity of AT to stimulants;
the AT of M cows exhibited a 3.61 times increase in NEFA release at d ‐7 compared
to only 0.87 for HI cows. Conversely, the response was similar for M cows after
calving (2.88 ± 0.57) but increased dramatically for HI cows (from 0.87 to 3.46, P <
0.05). The post‐calving ratios did not differ between the groups. These data suggest
that the actual net lipolytic rate was increased by a higher plane of nutrition prior to
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calving, but the timing of changes in tissue sensitivity is also altered by feeding level.
This observation agrees with those of Rukkwamsuk et al. (1998) that indicated that
overfeeding of dairy cows prior to parturition decreased the responsiveness of AT
to the homeorhetic changes that increase lipolysis relative to lipogenesis to prepare
the tissue for mobilization in support of the energy demands of lactation (Bauman
and Currie, 1980).
The maximal release rate of NEFA from AT tended (P = 0.08) to be greater for
M cows than HI cows, demonstrating that M cows had a greater lipolytic response to
agonists, releasing 1.2 nmol more NEFA per 120 min·mg wet wt‐1 compared to HI
cows. Although, the maximum release rate did not change as cows neared calving,
the rates were greater (P < 0.0001) post‐calving compared to pre‐calving, indicating
increased receptors or greater expression/activity of HSL. The post‐calving
stimulated release of NEFA was 1.82 nmol greater for both treatments compared to
release pre‐calving. The tendency for increased sensitivity and enhanced capacity
for lipolysis for M cows may reflect overall increases in lipogenesis and lipolysis.
Alternatively, due to expected greater adipocyte size (not measured in this study),
HI cows would have greater lipid volume relative to surface area, resulting in a
lower density of receptors and dilution of enzymes. Net turnover of the tissues
were not evaluated, but the BCS loss for each group would indicate that overall HI
cows were experiencing greater lipolysis relative to lipogenesis compared to the M
cows. The responsiveness of the AT to agonists is also reflective of overall metabolic
changes in the animal, and changes in plasma glucose and BHB (lipolytic inhibitors)
may affect the responsiveness of the tissue to regulation.
The changes in lipolysis as cows neared calving are commensurate with
those reported in other species. Lipolysis and lipogenesis are reciprocal events, and
as lipogenesis is reduced, lipolysis is increased. It has been shown in the rat that
these changes in metabolism actually occur several days before birth (Knopp et al.,
1973). In goats, the activity of lipoprotein lipase and acetyl CoA carboxylase are
decreased and remain low during lactation (Chilliard et al., 1977). Additionally, it
has been determined that cows also undergo a decrease in lipid synthesis and
concomitant increase in lipolysis during late gestation and early lactation (Sidhu et
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al., 1972; Metz and van den Bergh, 1977). Metz and van den Bergh (1977) biopsied
AT of dairy cows during late gestation and reported that basal and noradrenaline‐
stimulated rates of lipolysis increased several fold from ‐20 d to calving, peaking
approximately 10 d after calving. The pattern of plasma NEFA followed the same
pattern as stimulated lipolysis. Basal lipolysis reached its maximum level at 10 d
postpartum and declined afterward. Likewise, the stimulated NEFA release from AT
increased from pre‐calving and reached its apex around 10 d postpartum. The
findings of the current study indicate that beef cows undergo a similar pattern of
lipolytic changes, demonstrating increased lipolytic rates as they near calving,
peaking shortly after calving, and declining to pre‐partum levels at varying times
post‐calving. The resumption of positive energy balance is dependent upon nutrient
availability and intake, milk production potential, and other environmental and non‐
environmental factors (e.g., weather, stress, sickness, basal metabolic rate) that
could affect nutrient demand.
Reesterification. Liberated glycerol is released into the blood, whereas NEFA
may be used for in situ reesterification into triglycerides. Reesterfication can be
estimated by comparing the ratio of NEFA to glycerol, where a declining ratio from 3
to 0 indicates an increased rate of reesterification (Chilliard, 1993). In the present
study, neither the ratio of basal NEFA to basal glycerol release ratio nor the maximal
NEFA to maximal glycerol release ratio, indicators of actual and potential
reesterification, differed between treatments or between periods sampled (Table
4.2). Numerous factors affect whether NEFA will be released into the circulation or
reesterified, including availability of intracellular glucose (for glycerol 3‐phosphate
production) and serum albumin (SA) availability (NEFA must bind to SA to be
transported out of the adipocyte). Treatment and period did not interact and there
no significant main effects for either the basal ratio of NEFA to glycerol or the
stimulated ratio (Table 4.2). For the basal ratio, reesterification rates ranged from
1.52 to 1.82, whereas the maximal ratio ranged from 1.35 to 2.06. These ratios
indicated that approximately one‐half of the 3 NEFA per triglyceride liberated
during lipolysis were retained within the cell. As the relative rates of lipolysis and
lipogenesis shift toward mobilization of body fat, the ratio would be expected to
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increase closer to 3:1, representing a deficit of glycerol precursors available for
uptake.
Blood metabolites
NEFA. Plasma concentrations of NEFA were affected by the interaction
between treatment and period (P < 0.05; Figure 4.5). Concentrations of plasma
NEFA were not different (P > 0.58) between treatments at ‐68 or at ‐7 d pre‐calving.
As cows approached calving, NEFA concentrations increased nearly 2‐fold for HI
cows (from 0.27 to 0.53 mmol/l) but were unchanged for M cows. However, as BCS
changes indicate, both groups of cows mobilized body fat after calving; these
changes are also reflected in NEFA concentrations, which were significantly greater
for both HI and M cows 7 d after calving compared to pre‐calving levels.
Commensurate with the increased BCS loss for HI cows (‐9.5% of ‐7 d reserves vs. ‐
4.3%), post‐calving NEFA concentrations increased (P < 0.01) more for HI cows than
M cows from ‐7 to 7 d (1.59 vs. 1.06 mmol/L, respectively). The pattern of plasma
NEFA is similar to that reported by Rukkwamsuk et al. (1998), who evaluated the
effects of overfeeding vs. restricted feeding of dairy cows and lipid metabolism. In
that study, although the pattern of plasma NEFA was similar, the concentrations
were markedly less than those observed in the current study. This is likely due to
increased NEFA uptake and usage by the mammary gland of the dairy cows,
compared to that of the beef cows in the current study.
BHB. Concentrations of BHB (Table 4.2) did not differ by treatment (P =
0.83); however, BHB levels increased prior to calving and remained elevated,
compared to ‐68 d levels (P < 0.05; Figure 4.6). BHB levels indicate hepatic ketone
body production arising from increased availability of acetyl‐CoA from hepatic β‐
oxidation of NEFA. The primary regulator of ketogenesis is acetyl‐CoA availability,
therefore, as rates of lipolysis increase, so will the rates of ketogenesis. If
insufficient TCA cycle intermediates are present (e.g., oxaloacetate), then acetyl‐CoA
levels will remain high resulting in sustained high levels of BHB. Therefore, these
data indicate are reflective of the increased plasma NEFA levels associated with BCS
loss of both groups; further, these data indicate that the increased BCS loss by HI
cows did not exceed the metabolic capacity of the animal. It is possible that BHB
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production was greater for HI cows but that the increased ketone bodies were
subsequently used by extra‐hepatic tissues an energy source.
Glucose. Plasma glucose levels tended to be greater (P = 0.06) for HI cows
than M cows (4.48 vs. 4.23 mmol/L; Table 4.2) throughout the periods evaluated.
However, glucose concentrations did differ by period (P = 0.03). As cows
approached calving, glucose levels increased and remained elevated until 41 d after
calving, then declined to levels similar to those at ‐68 d (Figure 4.7). The difference
in change in glucose concentration likely represents differences in insulin sensitivity
or alterations in endogenous glucose production as homeorhetic mechanisms
prepare various tissues and organs for parturition and lactation. Desensitization of
AT to glucose occurs 15‐30 d prior to calving, meaning that lipolytic rates are
unresponsive to blood glucose (Metz and van den Bergh, 1977) and lipogenesis fails
to be stimulated by insulin levels. Furthermore, the rate of hepatic gluconeogenesis
increases dramatically, even when intake is unchanged (Bauman and Currie, 1980)
in order to supply glucose to the mammary gland for the production of lactose;
therefore, it is common for plasma glucose levels to be increased post‐calving.
Relationships between BCS and lipolysis
The relationships between in vitro lipolysis data and cow BCS before and
after calving and the change in BCS was evaluated, after accounting for the effects of
treatment. If no interaction was detected between BCS and gestational treatment,
the independent relationship between BCS and lipid metabolism was explored.
Because the objective of this analysis was the relationship between BCS and lipid
metabolism near the time of calving, only the data from ‐7 and 7 d relative to calving
were utilized. It was also at these two time periods that the BCS difference was
greatest and the greatest change in BCS and lipid metabolism was observed. No
significant interactions between treatment and BCS or BCS change were detected (P
> 0.23). Further, after accounting for the effects of dietary treatment, there were no
significant relationships between BCS or BCS change and lipid metabolism (P >
0.21).
Theilgaard et al. (2002) evaluated the relationship between body fatness
(combined ultrasound measurements of backfat area and body weight) and in vivo
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lipolysis and lipolytic response to β‐adrenergic challenge. These investigators
reported that when included within the statistical model within breed and parity,
backfat area was significantly related to lipolytic response at 70 d post‐calving,
although it accounted for only a relatively small proportion of the observed
variation. Similarly, when evaluating the relationship between body fatness and
lipolysis, they reported a positive effect (P < 0.01) of fatness on lipolytic response,
when fitted in the model within breed and parity. However, the differences
observed between parity and breed in that study were not accounted for by
differences in body fatness, indicating that while fatness, breed, and parity may be
related, they relate separately to observed differences in lipid metabolism.
Conclusions
In conclusion, altering dietary energy level during mid and late gestation
altered the net lipolytic rate of beef cows and altered the timing of changes in tissue
sensitivity and total lipolysis. Basal release of NEFA did not change for cows on a
maintenance diet, but increased significantly for fatter cows prior to calving,
whereas basal glycerol was unaffected by treatment. The stimulated release of
glycerol was also unaffected by treatment, but increased across all periods. The
ratio of stimulated glycerol and NEFA release to basal release of glycerol and NEFA
indicate that the AT of HI cows has a delayed response to the increase in sensitivity
to lipolytic stimulants that is associated with homeorhetic adaptations; however, at
7 d after calving, no differences were observed for net or total lipolytic capacity of
the tissue. Plasma NEFA concentrations increased for both groups after calving and
remained elevated through d 68 compared to pre‐calving levels. These data are
commensurate with changes in BCS over that period. Providing mature beef cows
ad libitum access to a high‐energy diet alters pre‐calving sensitivity of AT, but after
calving and when animals are receiving a common diet, no differences in lipolysis
were observed. Thus, BCS (4.91 to 6.56), as manipulated by diet, does not appear to
impair lipolytic function and regulation in beef cows as observed in dairy cows.
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Table 4.1. Nutrient composition (DM basis) of mixed diet fed to HI and M cows.
Ingredient
%
Corn silage
80.7
Corn grain, cracked
17.4
Urea
1.0
Trace mineralized salta
0.5
Limestone
0.4
DM, %
57.5
TDN, %
73.6
NEm, Mcal/kg
1.74
NEg, Mcal/kg
1.12
CP, %
10.8
a Trace‐mineralized salt contained 94.0% NaCl, 5500 ppm Zn, 4790 ppm Mn, 1825
ppm Cu, 115 ppm I, 18 ppm Se, and 65 ppm Co.
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Table 4.2. Main effects of nutritional treatment and period on in vitro lipolysis of subcutaneous adipose tissue and plasma
metabolites of multiparous beef cows.
Treatmenta
Periodb
P‐valuesc
Item
HI
M
SEMd
‐68
‐7
+7
41
68
SEMd
Trt
Pd
Trt x Pd
Glycerol, basal
0.81 0.83
0.05
0.75 0.88 0.83
‐‐‐
‐‐‐
0.08
0.80
0.59
0.75
releaseef
Glycerol,
1.30 1.49
0.15
0.77x 1.40y 2.01z
‐‐‐
‐‐‐
0.19
0.37
< 0.001
0.32
maximal releaseef
NEFA, basal
1.32 1.13
0.23
0.88 1.54 1.25
‐‐‐
‐‐‐
0.30
0.56
0.25
0.10g
releaseef
NEFA, maximal
‐‐‐
‐‐‐
0.43
0.08
< 0.001
0.47
1.91 2.74
0.32
1.08x 2.03x 3.86y
releaseef
NEFA:Glycerol,
1.73 1.61
0.33
1.82 1.67 1.52
‐‐‐
‐‐‐
0.44
0.81
0.89
0.35
basal ratio
NEFA:Glycerol,
1.54 2.02
0.26
2.06 1.35 1.92
‐‐‐
‐‐‐
0.34
0.21
0.91
0.66
maximal release
BHB, mmol/Lf
0.45 0.44
0.04
0.19x 0.46y 0.52y 0.50y 0.55y
0.06
0.83
< 0.001
0.11
Glucose, mmol/Lf

4.48

4.23

0.09

4.17x

4.51y

4.66y

4.34x

4.10x

0.15

0.06

0.03

Treatments: High level of intake to achieve BCS 7 at calving (HI) and moderate intake to maintain BCS 5 until calving (M).
of days relative to calving.
c Probability values for treatment, period, and treatment x period interaction.
d Most conservative (largest) SEM.
e Release = nmol·120 min‐1·mg wet wt‐1.
f n=8/trt
a

b Number

x,y,z Within

a row, numbers without a common superscript differ, P < 0.05.

0.31
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CHAPTER 5. SUMMARY AND IMPLICATIONS
The research in this dissertation sought to examine how the nutritional
modulation of BCS at calving is related to post‐calving BCS change and post‐partum
cow and calf performance. In the performance study, it was shown that increased
BCS at calving was related to increased condition loss after calving and increased
calf BW at d 40 and 84, but did not negatively affect reproduction. Most
interestingly was the discovery of an interaction between nutritional treatment and
BCS at calving for BCS change. This interaction indicates a threshold response, in
which postpartum BCS change is only related to BCS at calving at scores of 6.5 or
higher. Furthermore, another interaction for calf BW at d 40 was detected which
indicated that increasing fat reserves at calving was positively associated with
increased calf weight, but this “return” on increased BCS diminished at BCS 5.75.
Nevertheless, cows with BCS > 6 at calving had heavier calves at d 40 and 84. These
data suggest that increasing fat reserves has the greatest return for cows that are
leaner who are fed to accrete modest levels of condition prior to calving.
In the second study, AT biopsies were conducted on a subset of the cows and
basal and maximal in vitro lipolysis rates were determined. The range of BCS for the
subset was more constrained in this group compared to the treatments as a whole.
However, the tissue incubations indicated that altering the dietary energy level
during mid and late gestation affected the net lipolytic rate of beef cows and also
altered the timing of changes in tissue sensitivity and total lipolysis. The stimulated
release of glycerol was unaffected by treatment, but increased across all periods,
which fits with previous observations that AT sensitivity is more related to
physiological changes than nutritional changes. Fatter cows had a delayed response
to the increase in sensitivity to lipolytic stimulants that is associated with
homeorhetic adaptations; however, at 7 d after calving, no differences were
observed for net or total lipolytic capacity of the tissue. Providing mature beef cows
ad libitum access to a high‐energy diet alters pre‐calving sensitivity of AT, but after
calving and when animals are receiving a common diet, no differences in lipolysis
were observed. These data indicated that when cows are fed to attain BCS < 6.56, as
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manipulated by diet, lipolytic function and regulation is not impaired in beef cows
as observed in dairy cows.
Beef cattle producers frequently rely upon the ability of cows to accrete fat
during times of nutritional surfeit (usually after weaning and before calving) and to
mobilize these energy stores during times of nutritional deficit (frequently during
early and mid‐lactation). While previous research efforts have indicated what
minimum level of BCS cows need to calve with in order to rebreed satisfactorily,
little research has been done to determine the effects of over‐conditioning on
postpartum performance. This investigation indicates that lipolytic regulation is no
impaired when cows are fed to BCS < 6.75, and although post‐partum fat
mobilization is greater, they generally reach their nadir NEB prior to peak lactation,
if nutrient availability is sufficient. Fatter cows maintain higher BCS through
weaning and produce calves that are heavier through d 84. This evidence implies
that producers may benefit from allowing cows attain up to BCS 6.75 without
negative effects on calf performance or reproductive success. Additional insight
could be gained by examining how the timing of BCS gain affects these parameters,
as well as by increasing cow numbers over several years to determine if there is an
effect of this management style over time.
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APPENDIX
Table A.1. Effects of nutritional treatment on BW and BW change of multiparous
beef cows.
Treatmenta
P‐
Date
n
HI
M
SEMb
valuec
Body Weightd
‐ 145 d prepartum
40
615.8
611.9
11.1
0.80
‐ 20 d prepartum
40
763.3
686.3
12.8
< 0.001
‐ 7 d prepartum
39
772.8
699.2
13.9
< 0.001
20 d postpartum
37
688.1
629.4
14.1
0.004
40 d postpartum
37
670.2
621.7
13.3
0.01
84 d postpartume
35
635.1
602.6
13.3
0.08
f
180 d postpartum
35
650.3
617.7
15.8
0.13
g
Postpartum Weight Change
20 d Change
37
‐84.7
‐71.0
4.0
0.02
40 d Change
37
‐17.9
‐7.7
3.7
0.05
84 d Change
35
‐35.2
‐23.8
7.6
0.26
180 d Change
35
15.3
15.1
8.1
0.99
a Treatments: High level of intake to achieve BCS 7 at calving (HI) and moderate
intake to maintain BCS 5 until calving (M)
b Most conservative SEM.
c Probability values for effects of nutritional treatment.
d Fasted body weight.
e Beginning of the breeding season.
f Weaning
g Interval change in BCS; time frame listed is days relative to calving.
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Table A.2. Effects of nutritional treatment on BCS and BCS change of multiparous
beef cows.
Treatmenta
P‐
Date
n
HI
M
SEMb
valuec
Body Condition Score
‐ 145 d prepartum
40
5.02
5.02
0.03
0.92
‐ 20 d prepartum
40
6.75
5.65
0.10
< 0.0001
‐ 7 d prepartum
39
6.67
5.59
0.13
< 0.0001
20 d postpartum
37
6.07
5.34
0.12
< 0.0001
40 d postpartum
37
5.59
5.02
0.12
0.001
e
84 d postpartum
35
5.58
5.01
0.12
0.001
180 d postpartumf
35
5.30
4.77
0.15
0.01
d
Postpartum Body Condition Score Change
d ‐7 to d 20 Change
37
‐0.59
‐0.21
0.08
0.002
d 20 to 40 Change
37
‐0.48
‐0.33
0.07
0.13
d 40 to 84 Change
35
‐0.01
‐0.04
0.05
0.69
Cumulative 84 d Change
35
‐1.09
‐0.58
0.11
0.001
Relative 84 d Change, %e
35
‐16.0
‐10.0
0.02
0.009
180 d Change
33
‐0.29
‐0.24
0.09
0.73
a Treatments: High level of intake to achieve BCS 7 at calving (HI) and moderate
intake to maintain BCS 5 until calving (M)
b Most conservative SEM.
c Probability values for effects of nutritional treatment.
d Absolute cumulative change in BCS; time frame listed is days relative to calving.
e Beginning of the breeding season.
f Weaning
e BCS change relative to pre‐calving BCS
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Table A.3. Effects of gestational nutritional treatment on plasma metabolite
concentrations of multiparous beef cows.
Treatmenta
Timeb
HI
M
SEMc
P‐valued
e
BHB, mmol/L
Mid ‐gestation
0.20
0.28
0.02
< 0.01
d ‐20
0.23
0.35
0.02
< 0.01
d ‐7
0.35
0.43
0.04
0.20
d 20
0.51
0.46
0.04
0.31
d 40
0.67
0.52
0.09
0.21
d 84
0.51
0.44
0.04
0.15
d 180
0.45
0.53
0.05
0.23
Glucose, mmol/L Mid‐gestation
4.37
4.18
0.07
0.08
d ‐20
4.28
4.06
0.14
0.28
d ‐7
4.71
4.04
0.18
0.01
d 20
4.66
4.83
0.20
0.54
d 40
4.47
4.35
0.14
0.55
d 84
4.54
4.18
0.20
0.19
d 180
4.18
3.92
0.13
0.14
NEFA, mmol/L
Mid‐gestation
0.38
0.56
0.04
< 0.01
d ‐20
0.55
0.63
0.05
0.27
d ‐7
0.83
0.89
0.11
0.68
d 20
1.41
1.16
0.10
0.09
d 40
1.39
1.22
0.09
0.18
d 84
1.02
0.99
0.08
0.82
d 180
1.04
0.89
0.08
0.14
a Treatments: High level of intake to achieve BCS 7 at calving (HI) and moderate
intake to maintain BCS 5 until calving (M)
b Days relative to calving.
c Most conservative SEM.
d Probability values for effects of nutritional treatment.
e Average concentrations from April 22, 2009 to July 29, 2009 (d ‐145 to ‐34 relative
to calving).
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Table A.4. Effects of gestational nutritional treatment on postpartum changes of
plasma metabolite concentrations of multiparous beef cows.
Treatmenta
P‐
b
c
Change
HI
M
SEM
valued
BHB, mmol/L
d ‐20 to d‐7
0.12
0.07
0.03
0.35
d ‐7 to d 20
0.16
0.03
0.05
0.04
d 20 to d 40
0.33
0.09
0.08
0.03
d 40 to d 84
0.17
0.007
0.05
0.02
d 84 to d 180
0.11
0.10
0.06
0.91
Glucose, mmol/L
d ‐20 to d‐7
0.43
0.14
0.14
0.16
d ‐7 to d 20
‐ 0.06
0.86
0.30
0.03
d 20 to d 40
‐ 0.25
0.38
0.20
0.03
d 40 to d 84
‐ 0.18
0.22
0.27
0.27
d 84 to d 180
‐ 0.53
‐ 0.04
0.16
0.02
NEFA, mmol/L
d ‐20 to d‐7
0.27
0.26
0.11
0.93
d ‐7 to d 20
0.59
0.28
0.15
0.15
d 20 to d 40
0.56
0.33
0.56
0.28
d 40 to d 84
0.19
0.12
0.15
0.71
d 84 to d 180
0.22
0.01
0.16
0.33
a Treatments: High level of intake to achieve BCS 7 at calving (HI) and moderate
intake to maintain BCS 5 until calving (M)
b Absolute cumulative change in concentrations; time frame is listed as days relative
to calving.
c Most conservative SEM.
d Probability values for effects of nutritional treatment.
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collection, and in vitro incubation and analyses.



Pre-operative, operative, and post-operative skills and animal care associated with
bovine subcutaneous adipose tissue and liver biopsies; ruminal cannulation;
assisting in the surgical implantation of chronic indwelling catheters in portal,
hepatic, and mesenteric veins; the corresponding principles of anesthesia (both
local and general) necessary to perform the aforementioned procedures.



Analysis of blood for a variety of analytes, including: β-hydroxybutyrate, glucose,
non-esterified fatty acids, glycerol, glucose, insulin, glucagon, progesterone, IGFI.



Extraction and analysis of alkanes in forage and fecal samples using gas
chromatograph and mass spectrometry.



Basic principles and skills associated with measurements of individual intake and
digestibility in beef cows.



Measurements of milk production in beef cows using weigh-suckle-weigh
technique and machine milking.
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Participated, as needed, in day-to-day operations of commercial beef herd,
including vaccinating, dehorming, deworming, implanting, ear-tagging, etc.

TEACHING EXPERIENCE:
1. Animal Nutrition and Feeding (Animal Science 378) – Fall 2009, 2008, 2007
 Coordination of lab and teaching assistant meetings
 Preparation of lab materials
 Lecturing – 2 hr weekly during laboratory/recitation session
 Grading homework and exams
 Providing one‐on‐one and small group assistance to students
 Guest lecturing – 6+ semester lectures including lipid metabolism, water‐soluble
vitamins, and toxins

2. Animal Growth and Performance (Animal Science 4803) – Fall 2006
 Grading homework, reports, and exams
 Providing one‐on‐one and small group assistance to students
 Guest lecturing – β‐agonists

3. Applied Animal Nutrition (Animal Science 3653) – Spring 2006
 Proctoring and grading exams
 Providing one‐on‐one and small group assistance to students

4. Cow/Calf and Purebred Cattle Management (Animal Science 4613) – Fall 2005
 Proctoring and grading exams
 Providing one‐on‐one and small group assistance to students

INSTITUTIONAL SERVICE:




Developed and presented a comprehensive training presentation for electronic herd
management software (CowSense) for the Oklahoma Cooperative Extension Service In‐
Service Training program.
Assisted with Master Cattleman annual meeting/symposium

HONORS AND ACTIVITIES:
2007‐2010

Lyman T. Johnson Ph.D. Fellowship, University of Kentucky
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2007

Williams Outstanding Thesis Award in Animal Science

2007

Outstanding Master of Science Student, Oklahoma State University

2007

Southern Section ASAS Annual Meeting

2007

2nd place, Joe Whiteman Scientific Paper Oral Presentation
Competition

2006

Robberson Summer Research Fellowship

1995‐1999

4-yr Franklin Electric Outstanding Student Scholarship Recipient

1998

NCF CME Beef Industry Scholarship Recipient

1996‐1998

Otha Grimes Memorial Scholarship Recipient

1996‐1998

Oklahoma State University Tuition Waiver Scholarship

1996

American FFA Degree Recipient

1995

FFA Prepared Public Speaking State Winner

1995‐1998

Golden Key National Honor Society

PROFESSIONAL SOCIETIES:
American Society of Animal Science
Gamma Sigma Delta Agricultural Honor Society
LEADERSHIP ACTIVITIES:
2007‐2008

Representative, Graduate Student Congress

2006‐2007

President, Animal Science Graduate Student Association

2006‐2007

Member, University‐wide Academic Integrity Committee

2006‐2007

Member, Academic Integrity Subcommittee

2005‐2006

Representative, Graduate and Professional Student Gov’t Association

1998

President, Collegiate FFA/Alpha Tau Alpha

1997

Treasurer, Collegiate FFA/Alpha Tau Alpha
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